
Feasibility Report Appendixes

December 1991

American River Watershed Investigation,
California

VOLUME 3 - APPENDIX M

DISTRIBUTION STATEMENT A
Akpproved for Public Release

Distribution Unlimited

U
US Army Corps SEST AVAILABLE COPY

of Engineers
°acramento District 20050805 098

South Pacific Division
wJ. ...



ARMY COE LIBRARY SACRAMENTO' IIII 1111111 DIII NII
, r• , (•94000284

American River Watershed Investigation,
* v, California

FEASIBILITY REPORT

LIST OF APPENDIXES

Volume 1
A PERTINENT CORRESPONDENCE
B PLAN FORMULATION
C ECONOMICS
D WATER SUPPLY NEEDS
E LAND USE

Volume 2
F CULTURAL AND PALEONTOLOGICAL RESOURCES
G SECTION 404 EVALUATION
H RECREATION
I PERTINENT DATA ON FOLSOM DAM AND AUBURN PROJECT
J DAMSITE SELECTION
K HYDROLOGY

L RESERVOIR REGULATION

Volume 3
M GEOTECHNICAL INVESTIGATIONS

Volume 4
N DESIGNS. AND COST ESTIMATES

Volume 5
0 REAL ESTATE
P ENDANGERED SPECIES
a INUNDATION IMPACT ANALYSIS

R INCREMENTAL ANALYSIS

Volume 6
S - PART 1 FISH AND W1LDUFE COORDINATION ACT REPORT

(Main Report, Auburn Area)

Volume 7
S - PART 2 FISH AND WILDLIFE COORDINATION ACT REPORT

(Lower American River, Natomas Area)

Volume 8
T COMMENTS AND RESPONSES



0

American River Watershed Investigation,
California

APPENDIX M

Geotechnical Investigations



AMERICAN RIVER WATERSHED

INVESTIGATION, CALIFORNIA

DOCUMENTATION REPORT

APPENDIX M

GEOTECHNICAL INVESTIGATIONS

Chapter 1 - Levee Design Requirements; Natomas East Main Drain,
Arcade Creek, Dry Creek, Natomas Cross Canal,
Sacramento River, and Yolo Bypass Levees

Chapter 2 - Stability Analysis American River Levees

Chapter 3 - Design Requirements; American River Levees

Chapter 4 - Erosion Protection Requirements; American River

* Chapter 5 - Geologic Evaluation of Alternative Dam Sites

Chapter 6 - Concrete Materials and Roller Compacted Concrete Dam
Considerations

Chapter 7 - Reservoir Rim and Slope Stability Study

Chapter 8 - Evaluation of Soils and Soil Stability for the
Proposed Flood Control Dam at Auburn

Chapter 9 - Special Aggregate Study

Chapter 10- Environmental Assessment of Aggregate Source
Alternatives for Construction of the 200-Year Flood
Control Dam at Auburn

Chapter 11- Levee Failure Criteria



AMERICAN RIVER WATERSHED
INVESTIGATION, CALIFORNIA

APPENDIX M

CHAPTER 1

GEOTECHNICAL BASIS OF DESIGN
LEVEE DESIGN REQUIREMENTS

FOR
NATOMAS EAST MAIN DRAIN, ARCADE CREEK, DRY CREEK,

NATOMAS CROSS CANAL, SACRAMENTO RIVER,
AND YOLO BYPASS

JULY 1989

PREPARED BY

SOIL DESIGN SECTION
GEOTECHNICAL BRANCH

S



0 (1T 1IC BASIS (CF DESIGN

7UhE CF cXNOM1I

PAGE

SCOPE M-I-I
PREVIOUS STUDIES M-I-1
GENERAL DESIGN CONSIDERATIONS M-I-I

Levee Stability M-I-1
Erosion Potential M-I-2
Liquefaction Potential M-1-2
Source of Construction Materials M-1-2

LEVEE REACHES m-1-3
Left Bank Sacramento River fron Natcmas m-1-3
Cross Canal to the Natcnas Main Drainage
Canal

Explorations and Laboratory Testincr M-1-3
Existing Levee and Foundation Conditions M-1-3
Design Considerations M-I-4

Levee Stability M-I-4
aM-1-4

Settlement M-1-4
Preliminary Recommendations M-1-4
Source of Construction Materials M-I-4

Natacas Cross Canal, East Side Canal, East M-1-5
Main Drainage Canal and South Levee of
Reclamation District 1000 to the Natomas
Main Drainage Canal

Explorations and Laboratory Testing M-1-5
Existing Levee and Foundation Conditions M-1-5
Design Considerations m-1-6

Levee Stability m-1-6
M-1-6

Settlement m-1-6

Preliminary Recommendations m-1-6
Source of Construction Materials M-1-7

Dry Creek, Arcade Creek, and East Bank M-1-7
Levee of the East Main Drainage Canal

Explorations and Laboratory Testina M-1-7
Existing Levee and Foundation Conditions M-1-7
Design Considerations M-1-7

Levee Stability M-1-7
4M-1-8

Settlement M-1-8
Preliminary Recommendations M-1-8
Source of Construction Materials M-1-8

0
i



TABE QF cX111F21 (CONT.)

Right Bank Levee of the Sacramento River M-1-8
from Verona to the Confluence of the
American River

Explorations and Laboratory Testing M-1-8
Existing Levee and Foundation Conditions M-1-9
Design Considerations M-1-9

Levee Stability M-1-9
M-1-9

Settlement M-1-9
Preliminary Recofmnendations M-1-9
Source of Construction Materials 14M-1-10

Sacramento and Yolo Bypass Levees from M-1-10
Knights Landing Ridge Cut to Putah Creek

Explorations and Laboratory Testingc M-1-10
Existing Levee and Foundation Conditions M-1-10
Design Considerations M-1-11

Levee Stability M-1-11
pM-1-11

Settlement M-1-11
Preliminary Recomiendations M-1-11
Source of Construction Materials M-1-11

APPENDIX A - REFERENCES M-1-13

ii



GEJECHNICAL BASIS OF DESIGN
AMMICAN RIE NA ME INVESTIATION

RAISING3 CF ESTD• G AND) 0ONST!lCTTN NEW IE

This Basis of Design's purpose is to address design aspects
of those measures which include increasing the heights of
approximately 114 miles of existing flood control levees and
construction of approximately 9 miles of new levees along the east
levee of the Natcmas East Main Drain north of Dry Creek, the north
bank of Dry Creek and north and south levees of Arcade Creek
upstream of Del Paso Blvd. (Figure 1). No new geotechnical
explorations were performed for this study. Conclusions and
recommendations for the various levee reaches are based on the
findings reached by the recent A/E investigations as well as past
performance of the levees. For the purpose of the study the levees
were divided into five separate reaches with similar soil and
geographical conditions. General design conditions common to all
the reaches are discussed, followed by reach specific information
with regard to available exploration and laboratory data, existing
levee and foundation conditions, and preliminary reconmendations
for each reach.

I•RMOUS STMDIES

Relatively minor geotechnical investigations and laboratory
testing was accomplished on the flood control levees prior to
construction or levee modification prior to adoption into the flood
control system in the early to mid-1900's. However, following the
February 1986 flood, five major A/E investigations with extensive
geotechnical explorations and laboratory testing were performed to
assess the present day condition of the levees (Appendix A).
Therefore, only the post-1986 explorations are used in this study.
The locations of these explorations are shown on Figure 1.

The following paragraphs provide a general discussion of
design considerations. Site specific considerations are covered
under each reach.

Ieve Stability

Prior to final design to raise or construct new levees,
additional explorations and laboratory testing will be necessary.
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Since explorations have already been performed on most of the
existing levees, the additional explorations will concentrate
mainly on borrow materials and foundation conditions of new levee
alignments. Soil parameters including compaction and shear
strength will be required for analyzing levee stability for the end
of construction and steady seepage condition. Levees will be
adequately designed to meet the stability requirements of
EMII10-2-1913. Standard levee geometry used throughout the flood
control system have generally provided satisfactory performance.
Therefore, for the purpose of this study, the standard levee
geometry is suggested for most levee reaches. That geometry
includes levee slopes of 1V on 3H waterside and 1V on 2H landside
with crest widths of 20 feet. For most of the levees requiring
raising, the minor increases in levee height will, in general, have
only a small overall effect on levee stability. However, this
should be verified during the design studies. Information obtained
from the previous investigations will be used to the extent
possible in evaluating levee stability.

Erosion Potea

Where levee raising occurs over the landside slope, there will
be no change in the existing erosion potential. Where raising will
require levee construction over the waterside slope, a
determination of the erosion potential of the borrow material and
the need for slope protection will be required. Hydraulic
considerations will also be considered in determining the need for
slope protection for the various reaches. The requirements for
erosion potential are discussed in Chapter 4 of this appendix and
in Chapter 1 of Appendix N.

Liquefacti RPotential

The levees along the Sacramento River are constructed
primarily of sand and silty sand. These materials are typically
loose and when saturated are susceptible to liquefaction during a
large earthquake. Liquefaction results in a loss of soil strength
due to load transfer from intergranular contact of soil particles
to pore water. This can possibly lead to total levee failure or
enough levee vertical displacement to cause overtopping of the
levee. However, in order for liquefaction to occur, a simultaneous
earthquake of large magnitude must occur at the same time as a
major flood. Therefore, although the levees along the Sacramento
River are susceptible to liquefaction, the probability for an
earthquake occurring at the same time as a major flood
is considered extremely remote.

Source of Constrruicti Materials

Borrow sites must be identified by the local sponsors for
future design studies. This should be accomplished prior to the
design studies to facilitate field exploration and laboratory
testing requirements necessary for design. It is most likely that

0
14-I-2



land adjacent to the existing levees and in the creeks or bypasses
will be identified for borrow. Therefore, materials that will be
used for raising will be very similar to the existing levee
materials. Borrow sources should be located no closer than 75 feet
to the levee toe. If the levees along the Sacramento River require
raising, materials will likely be silt and sandy silt. Other
borrow areas away from the Sacramento River, ie. Arcade Creek, Dry
Creek, and the Bypasses will likely include finer grained materials
such as clay, silty clay, or sandy clay.

LEVEE REAHES

Left Bank Sa-r•,eto River from Natcmas Cross Canal to the
Nat as Main Drainag Canal

Explara s and laboratory Testigj - Two exploration programs
were conducted on this reach of levee following the February 1986
flood. The first exploration program (Ref. 1) was performed in
conjunction with PL84-99 investigations north of 1-5 along Garden
Highway, in a reach of the levee where extensive levee damage
occurred during the flood. These explorations consisted of
eleven 8-inch hollow ster auger borings (DH-86-1 thru DH-86-11).
Each boring was drilled from the levee crown to depths ranging from
30 to 31 feet. The second program (Ref. 2) was performed under the
Sacramento River Systems Evaluation and was completed in July 1987.
Explorations along Garden Highway under this program consisted of
nineteen 8-inch hollow stem auger borings (DH-87-1 thru DH-87-15
and DH-87-37 thru DH-87-40). Majority of these borings were
drilled through the levee crown. Borings DH-87-37 thru DH-87-40
were drilled adjacent to the levee landside toe. Standard
penetration testing was performed on all borings except for
intervals where undisturbed samples were taken for laboratory
testing. Since the levee material in this reach is primarily clean
loose sand, the only undisturbed samples taken were from the
foundation where silt and clay soils are found.

Laboratory testing included gradation analyses, Atterberg
Limits, and triaxial shear strength tests on undisturbed fine
grained foundation samples. Laboratory test results are summarized
in Table 1.

Exs Ing Lovee and Foundation Corditions - The levee crest
width along this reach varies from about 25 to 45 feet and averages
around 30 feet. The levee height ranges from about 10 to 20 feet
with landside and waterside slopes of IV on 2H and 1V on 3H
respectively. The levee materials consists predominantly of very
loose, fine to medium grained silty sand and sand. Foundation
materials in this reach are more variable and consist mainly of
fine grained silty sand, sandy to clayey silt and silty clay
materials. Standard penetration tests and laboratory gradation
tests indicate the sandy levee soils are poorly graded and the
foundation silt and clay soils encountered are typically of firm
consistency.
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Design Consideratioms -

Levee Stability - Based on the geotechnical evaluations in
this 18-mile reach, this levee is presently considered unstable
during sustained flood conditions. However, remedial repairs are
presently planned. The proposed repair will incorporate a sloping
and horizontal drain and a stabilizing berm of approximately 7 feet
in height and 12 feet wide. Any raising of the levee could be
accomplished by constructing over the landside slope and
stabilizing berm. To ensure seepage collected by the sloping drain
is transmitted safely through the levee, the horizontal drain would
also have to be extended. If this is accomplished raising of the
levee will have very little affect on stability of the levee.

- Seepage will not be affected by any increase in
levee height along this reach. As evidenced during the February
1986 flood, seepage is prevalent during high water conditions.
After repairs are made, quantity of seepage will not significantly
change. However, the seepage through the levee will be controlled.

Settlement - Any settlement of the raised levees will be
small since the levees were constructed primarily of sandy soils.
Most of any settlement that does occur, will occur during
construction. Foundation settlement should be negligible for
increases of levee heights of less than about 5 feet.

Preliminary Recommendations - Increasing the levee height
along this reach can be accomplished by raising the levee crown
with levee construction on the landside of the levee over the
proposed landside berm (Figure 2). If the levee is required to be
raised more than about 2 feet, the future landside berm will be
required to be extended approximately 8 feet landward. This will
be necessary to maintain the upper portion of the landside slope no
steeper than 1V on 2H. In addition, a paved highway exists on the
levee and therefore will require removal and replacement of the
road surfacing.

Source of Constructi•x Materials - Majority of the materials
required for construction will probably be obtained in the interior
of Reclamation District 1000. It is anticipated that several
borrow sources will have to be identified within the interior of
Reclamation District 1000 in order to minimize haul distances of
levee material. The materials will likely vary from sand to sandy
silt and will be acceptable for the purpose of raising the levee
along this reach. If extension of the landside berm is necessary,
a commercial aggregate source will be required to extend the
horizontal drain.

0
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Natanas Ciss Canal, Fast Side Canal, East Main Drainag Canal
and South Ievee of sclc D t 1000 to the Natonas Main
Drainage Canal

lIc and lobgora ¶pgtiM - Two exploration programs
were undertaken in this reach following the February 1986 flood.
In the first of these (Ref. 2), borings DH-87-16 through DH-87-36
(crown borings) and DH-87-41 through DH-87-46 (landside toe
borings) were drilled. In a re-evaluation study (Ref. 3) of the
south levee of the Natomas Cross Canal, additional explorations
included borings DH-88-16A through DH-89-21B with companion toe
trenches. The borings were drilled with an 8-inch hollow-stem
auger with continuous standard penetration testing except where
undisturbed samples were collected for laboratory testing. The
trenches were dug with a backhoe along the landside toe of the
south levee of the Natomas Cross Canal to evaluate conditions which
have historically caused instability in the vicinity just west of
Highway 99. A third exploration program (Sl through S7) was
performed during a geotechnical investigation of the north levee of
the Natomas Cross Canal by a private consultant for Reclamation
District 1001 (Ref. 4).

Laboratory testing along this reach of the study consisted
mainly of gradation and Atterberg Limit testing with some triaxial
shear strength testing of representative undisturbed 3-inch Shelby
tube samples. The results of the laboratory tests are summarized
in Table 1.

Existing levee and FoundationC iticms - The levee along the
Natomas Cross Canal varies in height from approximately 11 to 20
feet, with the crest width varying from about 25 to 60 feet. The
height of the levee along the East Main Drainage Canal and south
levee of R.D. 1000 varies from about 5 to 20 feet and the crest
widths vary from 22 to 55 feet. The levee slopes in this reach are
1V on 2H on the landside and 1V on 3H on the waterside. The
materials along the north and south levee of the Natomas Cross
Canal are predominantly fine-grained silts and clays of low to
medium plasticity with a firm to stiff consistency. The
geotechnical investigations along the south levee of the Natcmas
Cross Canal revealed a weak silt seam 2 to 3 inches thick in the
area just west of the Highway 99 crossing of the south levee. This
layer of material exists approximately 3 to 4 feet below the
foundation. It was concluded that this seam was partially
responsible for landside slope instability in February 1986 in the
area just west of Highway 99. This same foundation condition
likely contributed to slope failures in this same area in 1955 and
1983.

Levee materials along the East Main Drainage Canal are similar
with some occurrences of clayey and silty sand within the levees.
A hardpan (cemented) layer of very stiff to hard silt to clay
material exists in the foundation throughout most of this reach.
This layer is typically 5 feet deep along the Natomas Cross Canal
and up to at least 15 feet thick along the East Main Drainage
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Canal. The hardpan layer found in most of this study area was not
encountered along the south levee of R.D. 1000. Instead, the 0
foundation materials in that area vary from stiff silty clay to
loose to medium dense clayey sand.

The East Side Canal extends about 4.5 miles above the eastern
extent of the Natomas Cross Canal. There is presently no
geotechnical information available on this reach. For the purpose
of this study, it is assumed that material in this reach is similar
to that of the majority of the soils in this study reach.
Explorations will be required along this reach prior to designing
levee modifications.

Design 0 sideratis -

Levee Stability - The geotechnical evaluations made of the
levees in this reach concluded that except for a portion of the
south levee of the Natnmas Cross Canal, the levees are generally
stable. Therefore, since the increases in levee heights will be
small compared to the existing levee height, instability of the
levees is unlikely. The present Sacramento River Systems
Evaluation plan is to relocate the irrigation ditch adjacent to the
south levee of the Cross Canal as recommended in the re-evaluation
study of the south levee (Ref. 3). Once this is acccaplished,
raising of any of the levees in this study area should not cause
any stability problems.

- Because of the generally low permeability soils
along these levee reaches, seepage is not a problem. Any increase
in levee heights will have very little if any affect on the overall
potential for seepage during high water conditions.

Settlement - The levee and foundation materials in this reach
are primarily silt and clay. Therefore, there will be some,
although relatively minor post-construction settlement. An
estimate of this settlement will be dependent on the amount of
increase in levee height required. Laboratory consolidation tests
will be required prior to design to determine the settlement
characteristics of the borrow and foundation soils in this reach.

Pre a Recomemd- The levees along most of this
reach can be raised without jeopardizing levee stability. The
only area that may require special consideration is the Natnmas
Cross Canal. Present remedial repair plans along this reach call
for the relocation of the drainage ditch adjacent to the landside
levee toe along a 1.3 mile reach west of Highway 99. If the
levees are to be raised along this reach, in addition to
relocating the irrigation ditch along the entire length of the
levee, it is recommended that the landside slopes be modified to
1V on 2.5H. The landside slope can be maintained at 1V on 2H
along other portions of this study reach. The levee along
approximately the southern two miles portion of the East Main
Drainage Canal may require construction on the canal side due to
residential development in this area. In addition, a paved
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highway exists on the levee crown along all but the Natomas Cross
Canal and the East Side Canal. Therefore, levee raising would
also require removal and reconstruction of the paved road surface.

Source of Constructio Materials - Borrow material for levee
raising along this reach will be identified by the local sponsor.
However, it is likely that the Natomas Cross Canal and the East
Main Drainage Canal will be identified for borrow material. Based
on existing exploration data, these soils are fine grained silt
and clay and will be adequate for the purpose of increasing the
height of the levees.

Dry Creek, Arcad Creek, and East Bank Ievee of the East Main
Daminage Canal

Ex�is and Labg=M MTesir - Explorations in this reach
were conducted in April 1987 (Ref. 5) and included a total of
eleven 8-inch hollow-stem auger borings and continuous (except
where undisturbed samples were taken) standard penetration. The
borings, DH-13 through DH-20, were drilled to depths ranging from
20 to 45 feet.

Laboratory testing included gradation, Atterberg Limit testing
and triaxial shear strength tests. Laboratory test results are
summarized in Table 1.

Eistig Ievee and Flowrdaticm Qxxiitiis - Levees in this area are
typically 7 to 18 feet in height with side slopes of 1V on 2H on
the landside and 1V on 3H on the waterside. The east levee of the
Natcmas East Main Drain and levees on Arcade Creek upstream of Rio
Linda Blvd. were constructed with a crest width of 12 feet. The
Dry Creek levee and the Arcade Creek levee downstream of Rio Linda
Blvd. were constructed with a crest width of 20 feet.
The levee and near surface materials in this area are generally
comprised of firm to stiff, low plasticity sandy clay to clayey
sand. In addition, explorations north of Arcade Creek consistently
penetrated a foundation hardpan layer of sandy silt to silty sand 5
to 10 feet thick (N=25 to 57). Beneath this depth the foundation
materials are generally comprised of stiff clayey silt to silty
sand.

DesiMn Congidratigms -

Levee Stability- The geotechnical evaluation performed for
this reach concluded that the existing levees are stable and minor
increases in heights should not jeopardize levee stability. Based
on that evaluation and past perfonrance, the levees in this reach
could undoubtedly be raised up to at least 5 feet with minimal risk
of levee instability. This will be verified during design using
soil parameters obtained from borrow material sampling and testing.
New levees constructed in this reach will be designed using the
appropriate engineering criteria. For estimating purposes, the
new levee geometry should tentatively be assumed to have 1V on 3H
waterside and 1V on 2H landside slopes with a 20-foot crown.
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- Seepage is of very little concern in this reach.
The levee and foundation materials are predcminantly fine grained
silts and clay and therefore relatively impervious to seepage
during short term flood conditions. Therefore, instability due to
piping and seepage induced slope failure are not considered to be a
potential problem.

Settlement - Some, although very little long term settlement
can be expected in this reach depending on the increase in levee
heights or heights of the new levees built. However. settlement of
the foundation should be negligible since the foundation consists
of very firm and cemented materials.

Prelimi ary Recommendaticns - Raising of levees in this reach
can be accomplished without affecting levee stability. New levee
construction along the upper reaches of Arcade Creek and the north
side of Dry Creek can be accomplished with relatively minordesign
problems. New levees should be constructed using the
standard 1V on 2H landside and 1V on 3H waterside slopes and a
20-crown. It is anticipated that levee raising along Arcade and
Dry Creek will be accomplished on the waterside due to existing
residential development.

Source of Cbxstructicm Materials - As with other reaches
borrow material for raising or construction of new levees will be
identified by the local sponsor. Borrow material from the Natcmas 0
East Main Drain may be limited due to cemented silt and sandy silt
deposits identified during explorations. It is anticipated that
borrow sources will be identified on the waterside adjacent to the
existing or new levees to be constructed.

Right Bank Ievees of the Sraimxto River frum Verna to the
Ccxifluw•ce of the American River

Eploratonds a braory Tsti - Existing explorations
along this reach is limited. The only exploration information
available includes the 1986 PL84-99 boring (Ref. 6) at the north
end of this reach (Boring Site 5) and borings and trenches at sites
DH-25, 25.5, 26 along the right bank of the Sacramento River west
of the confluence with the American River (Refs. 7 and 8).
Laboratory testing includes gradation, Atterberg Limits and shear
strength tests on both the levee and foundation materials. These
explorations and laboratory data are available for use in the
design of raising levees if required. Results of the available
laboratory and field data along this reach is included in
Table 1. At the present time, an A/E geotechnical evaluation of the
right bank of the Sacramento River from Verona to the Sacramento
Weir is being conducted as a part of the Mid-Valley flood control
systems evaluation. This program includes an exploration program
consisting of cone penetration testing, standard penetration
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testing and undisturbed sampling for laboratory testing. This
study, which will include engineering analyses with recommendations
is scheduled for completion in late September 1989.

Exitin levee and Fotudatig Ccnditions - Based on the presently
available geotechnical data, the levee along this reach has a
nominal 20-foot crest width with about 1V on 3H waterside and 1V on
2H landside slopes. These dimensions vary locally with slightly
wider crests and flatter slopes. Available information at the
northern and southern end of this reach indicates the levee and
foundation conditions for this reach are very similar to the east
bank levee of the Sacramento River (R.D. 1000). That is, very
sandy levee soils constructed on soft to firm foundation silt and
clay soils. More defined information on the levee conditions will
be available following the Mid-Valley geotechnical evaluation.

Design Onsideratins -

lavee Stability - Levee stability in this reach is tentatively
considered similar to that of the east bank levees. Only minor
seepage and boil problems reportedly occurred along the northern
portion of this reach during the February 1986 flood.
However, the levee materials make this reach susceptible to damage
during future flood events. The currently underway A/E
evaluation will provide more information on levee stability in this
reach. If this reach of levee is raised, it is presently
envisioned that landside slope will have to be flattened to about
IV on 2.5H or internal drainage and or berms would be required in
the design.

- As discussed before, the sandy levee soils in this
reach are considered susceptible to seepage and potential piping
during sustained flood flows. Raising the present levees would not
in itself increase seepage. However, increasing the level of flood
protection equates to increased hydrostatic pressure head on the
levees. Although this will likely cause increased seepage through
the sandy levee, stability will not be decreased if the levee
raising is properly designed.

Settlement - Similar to the east bank levees, any post-
construction settlement that occurs during raising of this reach of
levee should be negligible. Since the levee is believed to be
primarily sand any settlement will occur during construction. The
composition of the levee material will be known more accurately
following the A/E geotechnical evaluation.

Preliminary Rommdatinxs - Levee raising along the right
bank of the Sacramento River can be accomplished using landside
construction. Depending on the results of the ongoing A/E
evaluation on this reach, seepage remedial measures may be
required. If remedial measures are required, they would likely
consist of flatter (IV on 2.5H) landside slopes or construction of
a seepage berm and internal drain similar to that presently being
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considered for the left bank levee. Levee raising will also
require relocation of railroad tracks and reconstruction of the
highway along portions of the levee crown.

Source of Ccmstructicm Materials - Borrow sites for levee
raising of this reach of levees will be identified by the local
sponsor. Materials will likely be borrowed from nearby inland
sources and can consist of almost any mineral type soil free of
organics.

sara o and Yolo Bypass Ievees from Knights Larding Ridge Cut to
Putah Creek

Exploratonms and Iaboratory estipgL - Limited explorations have
been performed in this reach. However, sane explorations and
laboratory testing of the east levee of the Yolo and south
levee of the Sacramento Bypasses were perfonned during two
separate studies. The first of these (Ref. 6) was performed on
the Yolo Bypass levee north of the Sacramento Bypass in 1986
during PL84-99 work following February 1986 flood. A total of six
borings were drilled through the levee crown in R.D.s 827 and 785
to a depth of 40 feet. The second study was performed under the
Sacramento River Flood Control System Evaluation, Sacramento Urban
Area (Ref. 7). These explorations included 7 auger borings with
standard penetration tests drilled at the levee crown and at the
landside toe ("A" borings). At present, a comprehensive
geotechnical evaluation is being conducted for the Yolo Bypass
levees by an A/E consultant for the Corps of Engineers. The
purpose of the study is to evaluate the present condition of the
levees. Results of this study will be available and be used for
preliminary design of any levee raising that may be required in
this reach.

Ekisting Ieum and Foundaticxn Ccwitions - Levee heights typically
range from approximately 10 to 20 feet. Levee crown
widths range from 20 to 29 feet, although the west levee crown
widths are a nominal 12 feet wide. Based on available data
obtained from the two A/E studies of the east bank of Yolo Bypass,
the levee and foundation soils in this reach are primarily lean to
fat clay with some organic content. The levee soils in the Yolo
Bypass typically exhibit random cracking near the surface during
the dry months of the year. Typically the soil swells in the
winter months and the cracks close. Therefore, seepage is
generally of little concern. However, cracks in the levee soils
have resulted in potentially weaker zones within the levee and have
been suspected of being associated with past instability.

Laboratory testing was performed on samples obtained during
both studies discussed above. Testing included gradation,
Atterberg Limits, and some unconsolidated undrained shear strength
tests. Test results are included on Table 1.

0
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Design Consideraticns -

Ievee Stabilty- Levee instability has been an intermittent
problem along the Yolo Bypass. Levee and landside slope failures
have been a particular problem on the east levee north of the
Sacramento Bypass. These failures typically originate near the
adjacent landside irrigation ditch and progressively work into the
levee crown. During the rainy season the medium to high plasticity
clay soil in the levee becomes saturated and loses strength and
overstresses the foundation. Any raising of the Yolo Bypass levees
will require careful consideration of slope stability. It is
anticipated irrigation ditches located near the landside levee toes
will need to be relocated a minimum distance of 75 feet away from
any levees that are raised. Based on frequent maintenance repairs
of both waterside and landside slopes of various stretches of levee
along the east levee of the Yolo Bypass, additional measures to
insure levee stability may be necessary. This could include
landside or waterside berms and/or flattening of the landside slope
to 1V on 2.5H.

- Since both the levee and foundation soils in this
reach are primarily clay, seepage has not been a problem.
Materials used for levee raising will likely be of similar soils
and therefore no future problem related to seepage is anticipated.
Although some of the clay soils that were used to construct these
levees are subject to cracking, the cracks seal during periods of
rain prior to the Yolo Bypass being flooded.

Settleent - Some settlenent of raised levees in the Yolo
Bypass will occur. This is because the foundation soils are
primarily soft clay and will undergo some consolidation upon
loading. Therefore, laboratory consolidation testing should be
performed prior to design. This data will be used in settlement
calculations. If the increase in levee heights are less than the
five feet as anticipated, post-construction settlement should be
minimal.

Prelii v Recamme~atins - Since a geotechnical evaluation
of most of this study reach is presently underway, the following
reconmmendations should be considered preliminary. Levees along
most portions of the reach could be raised on either side.
However, landside construction would be preferred in terms of
quantity of material required and since portions of the waterside
slopes are presently protected with slope protection. As mention
earlier, irrigation ditches along portions of this reach will be
required to be moved and located no closer than 75 feet away from
the levee toe.

Source of Construction Materials - Material for levee raising
will likely be identified in the Yolo or Sacramento Bypass. These
material borrow sources will have to be identified by the local
sponsor and be tested by the Corps prior to the design to increase
levee heights. Since compaction and general working conditions of

M-1-11



high plastic clay (CH) is difficult, sources of low to medium
plastic clay (CL) should be identified. The Sacramento Bypass
will likely be identified as a good source of sand and sandy silt
borrow material.

0
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OFFICE REPORT
IEVEE STABhITY

ANERICAN RV EVEES

PURPOSE

This report presents the results of a follow-up stability
study of the American River levees. Following the February 1986
flood in Sacramento, an evaluation of the flood control levees
protecting the Sacramento Metropolitan area was undertaken by the
Sacramento District Corps of Engineers. The Architect-Engineering
(A/E) firm, Wahler Associates of Palo Alto, California, was
contracted to perform explorations along the American River levee
system and provide a preliminary geotechnical evaluation of the
levee conditions. That report, completed in September 1987 (Ref.
9), concluded that the American River levees are generally
unstable and do not meet the Corps minimum stability factor of
safety of 1.4. The field exploration methods used in that study
(standard penetration tests - SPT) provides only an approximation
of the soil strength and therefore conservative soil shear
strength values were used in the analyses. In addition, a
conservative value of 3 feet of freeboard was used throughout the
study area. Actually, freeboard at a flood flow of 130,000 cfs,
is a minimum of 4.9 feet throughout the study reach (see Table
2). The project was designed for a flow of 115,000 cubic feet per
second (cfs) with a minimum freeboard of 5 feet. The A/E report
recommended additional study to confirm the findings in the
September 1987 report. This study was undertaken as a result of
recommendations in the A/E report as well as to determine the
need for remedial measures to insure stable levee conditions for
the design flow of 115,000 cfs.

SCOPE

The levees in this study (See location map, Figure 1) extend
on the right bank of the American River from about one mile
upstream of Arden Way, downstream to the junction of the left
bank of the Natomas East Main Drainage Canal (11.3 miles). On
the left bank, the levees extend from Mayhew Drain, downstream to
the mouth of the American River (10.8 miles). This study used
geotechnical data from previous studies, and in-situ density and
laboratory shear strength tests designed to estimate the actual
in-situ shear strength of the levee and foundation soils. In
addition, levee cross-section surveys performed by the California
Department of Water Resource (DWR) in October 1987 were used to
determine site specific levee geometry. The DWR Murveys included
a total of 44 cross-sections from the left levee landside toe to
the right levee landside toe. The DWR survey data was plotted

0
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0
along with estimated flood stage elevations and are presented in
Appendix A. The stability of the levees were evaluated for
estimated river stages during flows of 115,000 cfs (design flow),
130,000 cfs (February 1986 peak flood flow), and 180,000 cfs.
The levee conditions analyzed included stability against landside
slope failure during steady seepage conditions and stability
against foundation piping (internal erosion).

UWEM BACKGflN

The existing left bank levee (10.8 miles) of the American
River was brought up to flood control project standards in
November 1948 (Ref. 1). This work involved widening of the then
existing locally constructed levee from 16th Street to Mayhew
Drain (8.8 miles). No work was required of the existing levee
downstream of 16th Street. The levee crown was widened to 20
feet with 1V on 3H and 1V on 2H riverside and landside slopes
respectively. Following the 1950 flood, two contracts were
awarded in 1951 to provide bank protection at three locations.
These were just downstream of Hwy 160, downstream of the H Street
Bridge, and upstream of the W.P.R.R. crossing. The entire left
bank levee is presently maintained by the American River Flood
Control District.

In 1955, the right bank levee (3 miles) from the Natomas East
Main Drainage Canal upstream to high ground near the California
State Exposition (Cal Expo) was brought up to project standards
(Ref. 2). This required widening of the levee crown to 20 feet
with some minimal increases in levee height. The widening was
performed on the riverside portion of the levee with 1V on 2H
slopes constructed to meet the existing 1V on 3H slopes. This
reach of levee is also presently maintained by the American River
Flood Control District.

The right bank levee upstream of Cal Expo, 8.3 miles to a
point approximately one mile north of Arden Way, was brought up
to project standards in November 1958 (Ref. 3 and 4).
Construction involved degrading the then existing 0 to 8-foot
high levee and building a new setback levee with a 20-foot wide
crown, with 1V on 3H riverside and 1V on 2H landside slopes.
Prior to construction, a 6-foot deep, 7-foot wide inspection
trench was excavated along the new levee alignment from Cal Expo
to the vicinity of Rio Americano High School (R.M. 11), upstream
of which the levee height decreases to less than 6 feet. The 4.3
mile levee reach from Cal Expo to Watt Avenue is presently
maintained by the California DWR as maintenance area (M.A.) 10.
The remaining 4 mile reach upstream of Watt Avenue is maintained
by the California DWR as M.A. 11.

MM-2-2



0
(Y1KNICAL EXPLE AT S

Based on the as-constructed drawings (Ref. 1), no borings
were performed prior to the 1948 levee enlargement on the left
bank of the American River. The first explorations along the
American River were those conducted in June 1955 by the Corps of
Engineers (COE) for the right bank levee enlargement from the
Natomas East Main Drainage Canal to Cal Expo. Explorations were
also conducted in 1956, 1986, 1987 and 1988. The following
paragraphs describe the types of explorations performed.
Laboratory testing and soil conditions are discussed in
paragraph, LABORATORY TEST RESULTS AND FIELD DENSITY TESTS. The
locations of all explorations are shown on Figure 1.

1955

Prior to the 1955 levee enlargement on the right bank from
the Natomas East Main Drainage Canal to Cal Expo, five
exploratory auger borings (2B-1 to 2B-5) were drilled to
determine the suitability of adjacent riverside berm borrow
material to be used in the levee widening. No laboratory testing
was performed on samples from these borings.

June 1956

In June 1956, a total of 18 borings (2B-1 to 2B-7, 2F-1A to
2F-4, 2F-6, 2F-7, 2F-9, 2F-10, 7F-1 and 5F-8) were drilled along
or just adjacent to the selected levee alignment from Cal Expo to
high ground about one mile north of Arden Way. Except for borings
2F-IA and 5F-8, which were drilled to determine the foundation
conditions for two project pumping facilities associated with the
project, the borings were drilled for the purpose of determining
levee foundation conditions and to provide additional information
on the suitability of adjacent riverside borrow material for the
new levee. Except for borings 5F-8 and 7F-1 (6-inch Failing
Barrel Sampler), and 2F-IA (24-inch bucket auger), the borings
were drilled with 8-inch hand and power augers. Laboratory tests
were performed on selected samples (See 1956 laboratory report,
Appendix B).

June 1986

In June 1986, four 6-inch auger borings (F-IA to F-4A) with
standard penetration tests (SPT) were drilled in the right bank
levee of the American River just upstream of Hwy 160. These
borings were drilled by the A/E as part of the PL84-99 levee
investigation (Ref. 8) where a 1400-foot crack developed along
the riverside edge of the levee crown during the February 1986
flood. The borings were drilled from the riverside edge of the
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levee crown to depths ranging from 30.0 to 39.0 feet. Samples
were collected from each boring for primary laboratory testing
(Appendix C).

April 1987

Between April and May 1987, 27 auger borings (DH-1 to DH-12
and DH-21 to DH-31) with SPT data collection, were drilled on
both the left and right bank levees of the American River. These
explorations were also performed by the A/E as part of the
Sacramento River Flood Control System Evaluation. Borings
designated with an "A" (example DH-4A) were drilled at the levee
landside toe, except for DH-12A, which was drilled at the
riverside toe. The borings without the "A" designation were
drilled through the levee crown. Laboratory testing of these
samples included both soils classification and strength testing.
The laboratory test report is included as Appendix D.

Octoer 1987

In October 1987, a field investigation program was
undertaken for the purpose of determining the in-situ density and
shear strength properties of the levee and foundation soils.
Eleven trenches, 4F-87-1A to 4F-87-6B, were excavated in the
levee slope and foundation. The trenches designated with an "A"
were excavated in the levee slope and the trenches designated
with a "B" were excavated in the adjacent levee foundation. Field
sand cone density tests were performed and sack samples were
collected for laboratory shear strength and permeability testing.
The laboratory test results are summarized in the April 1988
laboratory test report, Appendix E. In-situ density test results
are summarized in Figure 3.

April 1988

In April 1988 two exploratory trenches, 4F-88-1 and 4F-88-2,
were excavated in the right bank levee crown just upstream of
Highway 160. This investigation was performed for the purpose of
investigating remnant signs of the February 1986 crack in the
levee crown and determining the strength characteristics of the
levee soils in the area where that 1400-foot crack developed
during the flood. The trenches were excavated to depths of 7 and
6 feet respectively. One representative 6-inch diameter,
undisturbed, 8-inch long tube sample was collected from each
trench for laboratory shear strength testing. The laboratory
report summarizing the test results is included as Appendix F.
The following paragraphs discuss the results of the laboratory
and field testing in this test program as well as those from the
previous studies.
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LEVEE AM SOM COMMONS

The results of gradation analyses and Atterberg limits tests
are presented in Figure 2. The levee and foundation soils on
the right and left banks of the American River are predominately
loose to firm silty sand (SM) and sandy silt (ML). The only
notable exception is sane occurrence of clay on the right bank
levee and foundation between Hwy 160 and Hwy 80, at exploration
locations F-lA, DH-12, and 4F-88-2 where the soils are
predominantly firm sandy clay (CL) and clayey sand (SC-SM). In
addition, on the right bank, between the Natomas East Main
Drainage Canal (NEMDC) and Hurley Way, the soils are generally
much finer grained than upstream of Hurley Way. The fines
content (minus 200 sieve size) of the levee and foundation soils
in this reach range fram about 28 to 85 percent and averages 73
percent, while upstream of Hurley Way the fines content ranges
from about 8 to 62 percent and averages 40 percent. Except for
the levee soils being generally denser than the underlying
foundation soils, there is no appreciable difference in the levee
and foundation soils on the right bank levee. On the left bank,
the levee and foundation are significantly different, except at
borings DH-23 and DH-26 (silty sand-SM), where no appreciable
difference was detected. The levee materials on the left bank
are relatively clean, containing from about 3 to 50 percent and
averaging 11 percent fines. The foundation soils, typically
deeper than about 0 to 5 feet beneath the left bank
levee-foundation contact are generally much finer and have a
fines content ranging from 50 to 98 percent and averaging 59
percent.

Two composite samples, composites A and B, were fabricated
from samples collected from trenches IA through 6B. Composite A,
with 31 percent fines, was fabricated from samples from trenches
1A, IB, 2A, 2B, 3A, 3B, 6A and 6B. Composite A is representative
of the silty sand levee and foundation soils found throughout
most of the levee system. The-finer grained levee soils
typically between the NEMDC and Hurley Way on the right bank and
most of the left bank foundation are represented by composite B
(77 percent fines) which was fabricated from samples from
trenches 4A, 4B and 5B. Tests performed on composites A and B
are discussed in the following paragraphs.

IAOR•0Y TK RESUTS AM FIELD MI•SITY TEST

A conservative estimate of shear strength based on SPT
blow count data was used in the initial A/E investigation.
However, the soil shear strength values selected for that study
were considered too conservative. Therefore, this study used
remolded laboratory samples from the levee and foundation soils
in order to obtain a better estimate of the in-situ shear
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strengths. The following paragraphs describe the laboratory and
field test results.

Density Tests

In-situ field densities determined using the sand cone
method at trenches 1A through 6B are summarized in Figure 3. In
addition, undisturbed densities were determined in 1956 at
borings 5F-8 and 2F-2 and are also included in Figure 3. Although
a fairly large scatter exists, some correlation between density
and percentage of fines is apparent. In general, an increase in
density occurs with a decrease in fines content. The average
density of the foundation samples is 84.5 pounds per cubic foot
(pcf) and the average density of the levee samples is 94 pcf.

Standard compaction tests were also performed on both
composites A and B in order to approximate the relative
compaction of the levee and foundation soils. Composite A and
boring 2B-2 (1956) show good correlation for the silty sand
materials. Based on the 110 pcf (standard compaction) maximum
dry density of composite A and boring 2B-2, the average relative
compaction of the foundation and levee soils are 77 and 85
percent respectively. The relative compaction of the levee fill
may be conservative since the in-situ densities were performed on
the outer portions of the levee where compaction is generally
lower than the interior portions of the levee fill.

S ar St th Tets

In order to correlate in-situ shear strengths with
laboratory shear test results, the composites were remolded to
various densities prior to performing shear tests (Figure 4).
Composite A was remolded to 80, 95, and 110 pcf, while composite
B was remolded to 80, 90, and 100 pcf. Ten direct shear tests of
silty sand, sandy silt and one lean clay sample were performed.
Direct shear strength for composite A and B samples ranged from
0=35.5 to 41.0 degrees, with slightly lower results from two of
the three 1956 test samples. Five consolidated-undrained shear
tests were also performed. Shear strengths for these tests
ranged from 0=5 degrees with a cohesion (c)=40 psf to 0=15
degrees with c=400 psf.

Penabhnty Tests

Permeability tests were performed on composites A and B
(Figure 5). The vertical permeability (l) of composite A ranged
from approximately 0.1 to 3 feet per day, depending on the remolded
density. Composite B permeability (Yv) ranged from 0.01 to 0.07
feet per day. Since there is a wide variation in soil gradations
for the levee and foundation materials, these values only provide
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an indication of the order of magnitude of the permeability of
the levee and foundation soils. However, the perneability of
composite A is considered representative of the levee and
foundation soils on the right bank upstream of Hurley Way. The
levee and foundation soils on the right bank downstream of Hurley
Way as well as the foundation soils on the left bank are more
represented by Composite B. Explorations on the left bank levees
indicated sane pockets or stratified layers of fine to medium
sand with 3 to 10 percent fines. It is estimated that the
permeability of these isolated materials is on the order of 100
feet per day. However, since no seepage was reported through the
left bank levees, it is possible that these cleaner layers are
not continuous.

SE[LCTED VL FR ANANLYSES

Shear strength values selected for slope stability analyses
are shown on Figure 4. An effective strength of 0=34 degrees was
considered representative for the levee soils. Since the density
of the foundation soils are typically about 10 pcf less than the
levee fill, a slightly lower foundation strength of 0=31 degrees
was selected. A consolidated-undrained strength value of 0=12
degrees, and c=360 psf was selected for the levee soils, while a
shear strength of 0=12 degrees and a cohesion of 180 psf was
selected for the foundation soils. Also indicated in Figure 4
are the composite shear strength envelopes selected for the
stability analyses. These strength envelopes reflect the
composite shear strength criteria as required for steady state
seepage conditions (EM-I110-2-1903) and were used in the
stability analyses shown on Figure 6.

The only permeability tests available were those performed on
composite A (silty sand) and composite B (sandy silt). The
results of these tests were discussed in paragraph 6-c. In order
to account for potential continuous clean layers of fine sand on
the right bank levee and somewhat cleaner sands on the left bank,
conservative values of K,=30 and Kh=120 feet per day are
considered representative of the levee and foundation soils on
the right bank, upstream of Hurley Way and representative of the
entire left bank levee. The permeability of composite B,
typifying the generally finer grained, lower permeability soils
downstream of Hurley Way and most of the foundation soils of the
left bank, ranged from approximately 0.01 to 0.07 feet per day.
For the purpose of estimating seepage exit gradients and piping
stability, the foundation soils deeper than five feet are
conservatively assumed to be impermeable.
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ANALYSES

There are approximately 22 miles of levee protecting the
land north and south of the American River. There are variations
in: levee height; hydraulic head differences between river stages
and adjacent land surface; freeboard; and levee and foundation
soil characteristics. Therefore, in order to make a practical
assessment of levee stability, conservative, yet reasonable
values of levee and foundation shear strength and permeability
were selected. In addition, site specific levee geometry as
determined from the 44 California DWR, cross-section surveys
mentioned previously and flood stage profile data were used in
estimating freeboard, hydraulic head and levee seepage exit
heights for determining levee slope stability and piping
potential (Appendix A). The flood stage elevations for the
February 1986 flood (130,000 cfs), were obtained from high
water marks and the stream gauge on the H Street Bridge. The
flood stage elevations for 115,000 cfs and 180,000 cfs were
obtained from the preliminary water surface elevations computed
for the 1988 Federal Emergency Management Agency (FEMA) flood
insurance study of the City and County of Sacramento. For a
levee section to be considered stable, three criteria were
established. These criteria included: 1) meeting a minimum
freeboard of 3 feet; 2) having a factor of safety for slope
stability of 1.4 and; 3) having a factor of safety against piping
of 3.0. Three feet of freeboard was used in this analysis only
as a measure of initial freeboard safety. The analysis in this
chapter is primarily a structural stability analysis and criteria
2 and 3 are most important. Actual design freeboard for all
levee measures evaluated is discussed in Chapter 1 of Appendix N.
A typical levee section (20-foot crown, 1V on 3H waterside and 1V
on 2H landside slopes) as determined from as-constructed
drawings, was selected in order to determine the critical seepage
exit point for slope stability. Flow nets were also developed
for a typical section for the purpose of estimating the critical
head difference (with regard to piping potential) between the
river stage and the adjacent land surface. The following two
paragraphs describe in more detail the methods used and the
results achieved for slope stability and piping stability.

Slope Stability

The results of the slope stability analyses (Modified
Swedish Method) are presented in Figure 6. The critical condition
for slope stability of the levees occurs under a steady seepage
condition. For the purpose of this analysis, this condition was
assumed for three different flood stages with the corresponding
freeboard based on a relatively high levee section (section
38-right bank), just downstream of Watt Avenue. Using the
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estimated permeability value of k,=30 feet per day and a selected
conservative in-situ void ratio (e) of 1.0, it is estimated that
a steady seepage condition could develop in about 4 days for a
flow of 115,000 cfs, 3 days for a flow of 130,000 cfs, and only 1
or 2 days for a flow of 180,000 cfs. A conservative assumption
used in this analysis (Huang, Ref. 7) assumes an impervious
foundation. For most of the left bank levee, this assumption is
fairly accurate. On the right bank, where no significant
difference exists between the levee and foundation soils, the
assumption is on the conservative side.

Where seepage water saturates the landside levee slope, the
stability analyses results in very shallow slope failures. The
potential for slope failure or sloughing of the upper one foot of
the levee slope was ignored for two reasons. First, the analyses
discounts apparent cohesion at very low stresses. In fact,
vegetation (grass roots) in the upper 6 to 12 inches of the levee
slope does provide a stabilizing effect due to root
reinforcement. Second, if shallow sloughing does develop in this
zone, the rigorous levee inspection practices presently used
during flood releases would insure that emergency procedures are
used to stabilize the levee. Therefore, only failure arcs below
this 1-foot zone were considered critical. A flow of 130,000 cfs
for the typical section resulted in a seepage exit height above
the levee toe that caused a borderline stability condition. At
this flow, the seepage water exit point was calculated to be 0.63
feet above the landside levee toe. A factor of safety of less
than 1.4 (minimum required by EMl1l0-2-1901) develops below the
upper one foot surface at a flow of 130,000 cfs. In addition, a
failure surface with a factor of safety of 1.34 develops three
feet below the ground surface. The steady seepage exit point
above the landside levee toe was determined by the L. Casagrande
method (Ref. 5). Table 1 includes this seepage exit height as
well as the parameters used in the calculations for each of the
44 DWR cross-sections. Although at some locations the levee
landside slopes surveyed are flatter than 1V on 2H, the 1V on 2H
slope was conservatively used throughout the analyses.
Therefore, levee sections with a calculated seepage exit height,
based on levee geometry and head differential, greater than a
value of 0.60 feet are considered potentially unstable. Seepage
exit heights for each levee section are also summarized on Table
2. The results for a flow of 115,000 cfs show that the maximum
exit height is 0.45 feet. It is noted that several sections on
the right bank, downstream of Cal Expo (cross-section 17), have
significantly greater head differentials between the river stage
and the adjacent land. This reach is not considered critical
because of the relatively impervious nature of the levee and
foundation soils in this reach. Permeability of the levee and
foundation soils in this reach are typically less than 0.10 feet
per day. It is estimated that steady seepage conditions would

m
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take one to two months to develop in this area. This is much

longer than the probable flood durations of less than one week.

Piping Stability

In order to evaluate the potential for piping, flow nets
were developed for various hydraulic head differences between
river flood stage and the adjacent land surface (Figure 7). For
the purpose of flow net construction, horizontal permeability was
assumed to be four times the vertical permeability. As discussed
previously, the difference in levee and foundation soils on the
right bank is negligible. The left bank foundation soils,
typically beginning at a depth of approximately five feet are
much finer grained and are relatively impervious compared to the
silty sand and sand levee soils. Therefore, the typical levee
section, with an assumed impermeable foundation at a depth of 5
feet was selected for the purpose of developing flow nets and
determining seepage exit gradients and the factor of safety
against piping. Seepage exit gradients were calculated for
hydraulic head differences of 5, 6 and 7 feet. A minimum
required factor of safety against piping of 3.0 was selected. In
order to maintain this factor of safety, the maximum hydraulic
head differential between the water surface and landside toe must
be less than 6.0 feet (Figure 7). This value was used in this
study to identify locations that may be susceptible to piping.
Values that exceed 6.0 feet are underlined on Table 2. The
results on Table 2 indicate that none of 44 cross-section
analyzed exceed this value for the design flood of 115,000 cfs.
At a flow of 130,000 cfs, five levee sections exceed the 6.0-foot
criteria and at 180,000 cfs, 6.0 feet is exceeded in several
areas. It is noted that downstream of about Hurley Way
(cross-section 22) on the right bank, the head differential is

much greater than 6.0 feet in several locations. As previously
discussed in paragraph 7-a, the permeability of the levee and
foundation soils on the right bank downstream of Hurley Way are
generally sandy silt, silt and clay soils of very low
permeability. It is estimated that the duration of flood water
on the levee in this area must exceed at least one month before
steady seepage conditions could develop. Therefore, the greater
head differentials on the right bank downstream of Hurley Way are
not considered significant.

OCNCLJJSICNS

Three criteria were used in this study to evaluate the
stability of 44 levee cross-sections (See Table 2). For the
levee sections to be considered stable, it was determined that
all three criteria should be meet. These criteria include: 1) a
minimum of 3 feet of freeboard; 2) an estimated steady seepage
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water exit height above the landside levee toe of no more than
0.60 feet; and 3) a hydraulic head difference between flood stage
and the adjacent landside levee toe of no more than 6.0 feet.
Actual structural stability is represented by criteria 2 and 3
only. Freeboard was evaluated as an indication of freeboard
safety. Actual design freeboard required is discussed in Chapter
1 of Appendix N. Criteria 2 and 3 were established based on
stability analyses and flow net analyses (piping stability) on
typical levee sections. Flood stages of 115,000 cfs (design
flood), 130,000 cfs (peak February 1986 flood stage), and 180,000
cfs (100-year flood) were evaluated. This study concludes the
American River levees are structurally stable for flows not
exceeding the design flow of 115,000 cfs. At a flow of 130,000
cfs, five locations exceed at least one criteria. Although no
levee instability or piping developed on the American River
levees during the 1986 flood, the analyses indicate that an
extended flow of 130,000 cfs or greater would likely lead to
landside levee sloughing and/or piping in sone locations. The
maximum allowable duration at which no levee damage would occur
for a flow of 130,000 cfs is difficult to predict because of
unknowns such as: 1) duration of lower flood stages such as
115,000 cfs and 2) variations in levee soils and permeability as
well as the potential for continuous stratified deposits.
However, using the selected permeability values, the length of
time required to develop a steady seepage condition at 130,000
cfs is estimated to be roughly three days. Because of unknowns
and potential anomalies, one day should be considered the
critical duration for a flow of 130,000 cfs. At 180,000 cfs, the
minimum criteria is exceeded in several areas and potential for
levee damage or failure is very high.

If flows in the American River do not exceed the design
flow of 115,000 cfs, remedial repairs are not considered
necessary. However, in view of past experience, flood releases
to the American River may have to be increased above the design
capacity during extreme flood conditions. Therefore, assuming no
upstream modifications are made to the present flood control
system, modifications are recommended over portions of the levee
system to accomnodate a flood release of at least 130,000 cfs.
Remedial repairs would likely include those areas near sections
underlined on Table 2. Table 2 should not be interpreted as
providing the exact limits of repair. It does, however, provide
an indication of the magnitude of remedial repair needed.
Minimal portions of the levee system need some modifications to
be considered stable at a flow of 130,000 cfs. It is estimated
that the remedial repairs would involve roughly 4500 feet on the
left bank and 2500 feet on the right bank. More precise
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determinations of the limits for rmedial repairs could be made
with additional survey work in the areas identified on Table 2.
The types of repairs that would likely be considered are drained
buttresses where space is available and slurry cutoff walls where
space is limited (See Figure 8). It should also be pointed out
that ongoing erosion occurs on portions of the levee riverside
berms during high river flows. In saoe instances complete loss
of the riverside berm has caused portions of the levee to slough.
This was the case during the February 1986 flood when extensive
damage occurred to the left bank levee immediately upstream of
Highway 80. 1986 flows exceeded 130,000 cfs for 20-30 hours.

0
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0
REPORT

OF
SOIL TESTS

AMERICAN RIVER RIGHT BANK LEVEE

FAIRGROUNDS TO CARMICHAEL BLUFFS

Ootober 1956

1. Authorization. Tests reported herein were verbally requested
by Mr. Do toble ofe Sacramento District, 13 July 1956, and oonfirmed
by letter dated 18 July 1956, file SPKGD-C 600.95, subjects "Request
for Tests - American River Right Bank Levee - Fairgrounds to Carmiohael
Bluffs."

2. Purpose. The purpose of the tests was to provide data to aid
in the design of a pumping plant foundation and the design of a levee
cross section.

3. Samples. The samples from this project wore received 22 and 28
July 19567ia~ndrepresent either disturbed or undisturbed material obtained
from seven test holes. Only a portion of the samples were tested in this
program; samples not tested were returned to the Saoramento District*
Samples for which tests ware made are shown co "Test Data-SulAry" plates
1 and 2.

4. Testing Program. The testing program was essentially that as
outlined In- ie letter of request and consisted of the followings

a. Visual classifications, wLth sufficient mechanical analyses
and Atterberg limits determinations to verify the visual classification
on all samples from hole 5F-B. In addition, two field density and
moisture determinations were obtained from each of the samples from this
hole.

b. Laboratory classification and direct shear tests an the
udisturbed sample from hole 2F-2 (Dist. No. C-1418-56).

o. Laboratory classification, eompaotion and direct shear
tents on specimens remolded to 95% Standard AASHO density on samples
from hole 2B-2 (Dist. No. C-1433-56) and hole 2B-6 (Dist. No. C-1473-56).
It was originally planned that direct shear tests an sample C-1473-56
would be made on specimens remolded to 95% Standard AASHO density as
determined for C-1433-56, but sino" the maxi-m densities of the two

0



materials differed by approximately 13%. tests were made on C-1473-56
at 95% maximumadensity as found for C-1473-56.

5. Test Methods.

a. Meohanical Analysis. The grain-size distribution was
found by, (1) washing a representative portion of the entire sample
an a No, 200 sieve (since there were no gravel sizes present) after
the soil had been oven-dried and then slaked in uater over nights and
(2) making a dry sieve analysis of the retained portion. Where fifty
or more peroent of fines was indicated a eombined sieve and hydrometer
analysis was made in general aooordanoe with ASTM Designation D422-54T.

b* Atterberg Limits. Liquid and plastic limit determinations
were made in general accordance with ASTM Designationa D423-54T and
D424-54T, respectively. The only deviation from the standard procedure
was the use of the Casagrande grooving tool in the liquid limit deter-
minations. Where no 1/8" diameter threads oould be rolled from the
noist soil the material was designated as non-plastio and no further
tests were made.

a. Classification. Soil classification was made in acoordance
with the "Unifed Noil MTassifieation System. Appendix A. Voluze 2,
March 1963."

d. Specific Gravity. Determination of specifio gravity was
mad. by the pyie*ncterbote mathod, using a high vaouum to free the
soil of adsorbed air.

e, Field Dry Unit Weight and Moisture Content. Determination
of unit weight was found by the waxed chunk method, with moisture content
being part of the test. The material from sample C-1506-56 (Div. No.
12407-SA) was too eohesionless to obtain a chunk specimen, but a range of
density at field moisture was investigated by placing the material as
loosely as possible in a volumetrio measure and also by vibrating the
material by tapping the container until no appreciable consolidation
took place.

f. omaction. Maximum density and optimm moisture were
found in general accordance with AASXO Designation T-99-49. Deviation
from the procedure was that new material was used for each point of the
eompaoti- curve and the moisture was added to the soil approximately
eighteen hours before compaction to insure even distribution.

Sg. Direct Shear. Consolidated-drained direct shear tests
were performed'an undisturd speoimens from hole 2F-2 and specimens
remolded to 95% Standard AASHO density from the disturbed material
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from holes 2B-2 and 2B-6. Three companion specimens 5j inches square
and 1-inoh in height were obnsolidated under test normal load, with
access to water, at least over night before shearing. Normal loads of

.0.5, 1.0 and 1.5 tons per square foot were used. Shearing was
aooonmlished by applying inorements 'of strain at time intervals
sufficient to permit drainage and allowing the "stressometer" to relax
for almost the entire time interval before recording the registered load..
The rate of strain was essentially constant, with the average total test
time including time during the night in vhioh no strain inorement was
applied, shown on the *Direct Shear Test Reprort" plates. Free drainage
of the soil was permitted by porous stones on the top and bottom of the
speo imen.

6. Test Results. The results of the tests reported herein are
shown on the foll;Zng platess

Subjeet Plate No.

Test Data Summary 1 - 2
Sample Log 3 - 4
Moohanioal.Analyses Plot 5 - 6
Conpastion Test Report 7
Direct Shear Test Report 8 - 10

7. Test Observations.

a. General. The materials encountered were, for the most
part, silty sa-n's 'wM test hole 5F-8 showing a stratum of very wet
sandy silt at a depth of about ten feet. All of the sample densities
appeared quite low which might indicate that apprediable settlement
would take plaoe in the foundation of the punping station.

b. Direot Shear. Results of shear tests showed no unusual
behavior* Shepar values apear a little lower than those usually found
for silty sands or sandy silts, however* it is to be noted that the
densities of all of the materials were quite low. The lower shear
angle found for 12482-SA, in eomparison with 12477-SA. is -probably due
to the lower density of the specimens, although 'the voluw changes as
well as stress-strain eurvese veloped during the test cycle indicate
that relatively dense conditions were obtained during oonsolidation
and that the densities at start of shear may have been quite comparable.
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S_ _ -SAMPLE LOG (
C.5T-icq: SaeraDmento l ErT: American River Levee - oLE No. 5F-8

-uW.ARKs: _ _ 6" Cored Samples IsHEET -IOF

I

P. S. N F 7 ' C F 5 A V P LF E EWA R VV' A5S! rF S

Tan, dry, loose fine
240-SA i sand. Hair roots. SM Silty Sand

.-1506 f Non-plastic
_ _ _ _ _ _ I _ _ _ _ _ _

S-- - Tan, damp se-compact sand.

3408-SA 2 2 Non-plastic SM Silty Sand

c-1507 r1 -
r ***= I.

3409-Si 3 Same.as above. -iSM I Silty Sand I

ý-1508
414

_____ I __ _ _ __ _ _

Top 3": Very light tan,
loose, Non-plastic. .1

13410-SA[ 4 5

Bottomt Mixture co tan

C-1509 and light tan loose sand. SM Silty Sand

I I' I LiFht brown,"damp, •.

131-SA 5 semi-compact sand. SM Silty Sand
Non-plastic...

13412-SA Similar to above. I
6 8 Thin layer of white SM Silty Sand

C-1511 sand.

S. . ...... . .... A 'r E-- -0 2 JT _ _.__..;__ _ _ _ _

•\ ? •



SAMPLE LOG _ _ _

C;1TRiCT: Sacramento iRCJE:T: American River Levee 5o.: 5F-8

"RE"UARKS:. 6"1 Cored Samples SHEET OF2o
R• i~AK : : ..- . - ur. .,-5iP5 /&A • 6~F. ~Si

V_ S MP C W ... . P ' hF I

*;Top 85% light brown, damp,
R2413-SA . semi-conpact sand SM Silty Sand

7
Bottomi Moist lrown silt

-151• 2 with sand pocketo ML Sandy Silt
_ _ _ -0 - ..... d ........ .. ..

* Top.50% stratified sand
and silt sandys•Silt

Bottom 50%, Light brown
C-l513 semi-compact, damp sand SM Silty Sand

7 Topt Moist, soft stratified sand
12415-SA and silt. ML Sandy Silt

S- Bottom: brown, motit with layers
C-151 of gray silt and brown silt

13, 1I ['I

F - Silty sand~with layers .

1I ot white sand, gray-brown iý24 1 6-SA. 10 -14 silt and dark brown silt. SM Silty Sand

C-1515 •

Tops Brown, moist, loose I-!

sand. Appeared dist'irbed. , SM Silty Sand
2417-SA 11

I Bottoms Dark brown
C-1516 moist silt. ML Sandy Silt

16I
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S
REPORT

OF
SOIL TESTS

PL 84-99 POST FLOOD REHABILITATION

July 1986

AUTHORIZATION

1. Results of;tests reported herein were requested by the Sacramento

District in laboratory request No. SPKED-D-86-42 dated 14 May 1986.

SAMPLES

2. Disturbed samples in plastic bags were received during the period
5 June and 24 June 1986. Identification of samples is on the Soil Test
Result Summary, plates 1 to 16.

TESTING PROGRAM

3. The program was in accordance with the test request. Tests included
Sieve Analysis and Atterberg Limits.

TEST METHODS

4. a. Grain-Size Analysis, Atterberg Limits. Testing methods conformed
to the procedures described in Engineer Manual, EM 1110-2-1906, "Laboratory
Soil Testing", 30 November 1970.

b. Classification. The soils were classified in accordance with theI

"Unified Soil Classification System", TM 3-337, Appendix A, April 1960,
reprinted May 1967.

RESULTS

5. Results of tests are shown on the following plates:

Subject Plate No.

Soil Test Result Summary:

RD 1000 Garden 1Iighway Levee 1-4 *
Yuba River, RD 784 5-8 *
DWR Maintenance Area 9 9-11 *
American River, Left Bank Levee 12-13
Yolo Bypass, RD 785, RD 827, & RD 1600 14-16*

*Not relevant to this study and
therefore not included in Appendix C
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REPORT
OF

SOIL TESTS

SACRAMENTO RIVER FLOOD
CONTROL SYSTEM EVALUATION

JULY 1987

AUTHORIZATION

Testing services are authorized by the Sacramento District per DA Form 2544 Nos
SPKED-F-87-60 dated 15 Apil 1987, and change orders 1, 2, and 3 dated 29 April,
4 Hay, and 14 May 1987.

SAMPLES

* On 17 and 29 April 1987,and 13 May 1987, five hundred thirty-six samples in
plastic bags and eighty-one samples in 3-inch tubes were received at the
Laboratory. Identification of the samples which were tested are shown on the Soil
Test Result Summary plates

TESTING PROGRAM

The program was In accordance with the test request as per SPD Form 29. dated 1, 5
and 13 May 1987.

TESTS AND TEST METHODS

Grain-size Analysis, Atterberg Limits, Field Unit Weight, Specific Gravity,
Organic Content, Triaxial Compression, and Consolidation. Testing conformed to
the procedure described In Engineer Manual, "EM 1110-2-1906, Laboratory Soil
testing," 30 November 1970.

CLASSIFICATION

RESULTS

Results of tests are shown on the following plates:

Subject Plate No

NOTE: Only the plates
Soil Test Result Summary 1 - 20 relevant to the American
Field Unit Weight Summary 21 - 22 River study are included

Triaxial Compression Test Report in Appendix D

"Q" Tests 23 - 43
Consolidated Test Report 44 - 45
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REPORT
OF

SOIL TESTS

SACRAMENTO RIVER FLOOD CONTROL SYSTEM EVALUATION
(AMERICAN RIVER)

April 1988

AUTHORIZATION

1. Testing services were authorized by the Sacramento District per DA Form 2544
No. CESPK-ED-G-87-93 dated 31 Aug 1987.

SAMPLES

2. On 31 August 1987, fifty pounds of samples in plastic bags were received at
the Laboratory. Identification of the samples is shown on the Soil Test Result
Summary plates.

TESTING PROGRAM

3. The program was in accordance with the test request as per Forms 29.

TESTS AND TESTS METHODS

4. Soil tests performed were Grain-size Analysis, Atterberg Limits, Specific
Gravity, Triaxial Compression, Compaction, Diret Shear and Permeability. Testing
conformed to the procedures described in Engineer Manual (EM) 1110-2-1906,
"Laboratory Soil Testing," 30 November; 1970.

CLASSIFICATION

5. Laboratory soil classifications conform to the "Unified Soil Classification
System," Technical Manual (TM) 3-357, Appendix A, April 1960.

RESULTS

6. Results of tests are shown on the following plates:

SUBJECT PLATE NO.

Soil Test Result Summary 1-2
Permeability 3&3A
Compaction . 4-5
Triaxial Compression Test Reports "R" 6-17

Direct Shear Test Report 18-23

COMMENTS

* 1. Only those samples tested are identified in the referenced plates.

2. Samples will be disposed of six months following the date of this report.
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Field Moisture Content

American River Geotechnical Investigations
Sacramento

November 1987

Field Moisture
Div.No. Hole No. F.S.No. Content (%)

103975 4F-87-1A 1A 2.9

103976 4F-87-1B 1B 6.6

103977 4F-87-2A 2A 8.4

103978 4F-87-2B 2B 6.1

103979 4F-87-3A 3A 5.4

103980 4F-87-3B - 3B 6.6

103981 4F-87-4A 4A 6.3

103982 4F-87-4B 4B 8.6

103983 4F-87-5B 5B 9.5

103984 4F-87-6A 6A 3.5

103985 4F-87-6B 6B 4.2

PLATE 2A 0



CORPS OF. ENGINEERS ýU. S. ARMY

SOUTH PACIFICý DIVISION LABORATORY

PERMEABILITY-
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CORPS OF ENGINEERS .I U. S. ARMY

SOUTH PACIFIC, DIVISION LABORATORY

PERMEABILITY

CENTIMETERS PER SECOND
1 - 0610- 5  

.10 4 -3o

_ 00

0.6-,= 4T

FEET PER DAY1
COEFFICIENT OF PERMEABILITY (K~c. .....-

REMARK 5:¶ =0.5 tsf,

SPECIMEN DISTRICT: SCAET

CURVE DIAM. .HT. MAX. CNION PR~OJECT: SAC. RIVER FLOO'D CONTROL S TEM
CURVE_ _ __ DIV. HOLE F.S. DEPTH

___ - __- - URE NO. NO. NO- FROM TO
4.0 2.0 #/4 REMOLDED TO

80 pcf, COMP. B 4A,4i3
90 pcf & &* 5B
100 pcf COIUE IRW CHCI

TESTED CMUE RW HCE

spL oI~ 67 ICIVL)
4 OCT 55 - ~ REPLACES Pst 67 (CI VIL). 20 JULY 49). Will C14 MAY lDE USED. PLATE 3A'



COMPACTION TEST REPORT

125 'li _

-' - - - -- A

120

4,,,
N

115.

m 110 -- .---

_ZAV +or

105 Sp.G.=
- -2.76

100 - - - - " -

7.5 10 12.5 15 17.5 20 22.5

• • Water content, •

vStand:rd," Proctor, ASTM D 698-78, Method A

Elev' USCS Nat. Sp.6. LL P I % > <
Depth Classi-ication Moist. No.4 No.200

Silty Sand (SM) 1.48 % 2.76 NP 0 Y. 31

TEST RESULTS MATERIAL DESCRIPTION

Optimum moistuire = 14.7 X
Remolded

Maximum dry density" - 109.4 pc-

Division$O--: 103964--69,73,74 HoleNo.4F-87-1A-
3 B:- Remarks:

Project: Sacramento River Flood Control(Amer. Riv.>

Location: Geotechnical Investigation. Composite A

F.S.No.- IA,311',6A,6B

Date: 11-16-1987

COMPACTION TEST REPORT

CORPS OF ENGINEERS - SPUL Plate No.4



COMPACTION TEST REPORT

115- -

U 105----------- - - - - - - - - - -
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• " .... I •2.76
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12.5 15 17.5 20 22.5 25 27.5

Water content, %

'Standard' Proctor, ASTM D 698-78, Method A

E I ev. USCS Nat. Sp.G. LL PI %" > '" <
Dept h Classification Moist. No.4 No.200

Sandy Silt(ML) 2.97 Y 2.76 31 4'. 0 V. 77

TEST RESULTS MATERIAL DESCRIPTION

Optimum moisturo - 20.9 % Rernolded

Maximum dry density = 98.9 pc-

DivisionNo.: 103970,71,72 Role No. 4F-87-4A-4B-5B Remarks:

Project: Sacramento River Flood Control(Amer.Riv.) Composite B

Location: Geotechnical Investigation.

F.S.14o. 4A, 4BP, 5B

Date: 11-16-1987

COMPACTIO1H TEST REPORT

CORPS OF EHGINEERS - SPDL Plate No.5
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1WAIER r0fIENUT. 38.1 36.511 34.q
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0.3 . I R jy" 84.01 85.8, 88.9!

P~IRES~.F} 7/7 FT 61. 7.2' 7.
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1.SO f . -- I
" .- 0,20 ;';

j t€- QO, 2•7 __,___ , ___A,

i - -I tlI

0.0 0.50 t oo 1M5 2.01, z -..' :00

I/ /' \
NOMLSP .ft F TI'iO FT

6SI PECuO NO. -h B___C
E CK W 21.2 21.3 1. t
"u•- !y%,89 8 89.81 89.7 I

.Clo .i- - - S- _ ATUPAT:C. _ _eV. -V - _o e- __0.9181 0. 921 _

___/_'_•_F 9•0_.T4•• 90-81 91.21 1

11 _______ ___ 1° t_°°lO _

0.6 o 'FZAT:N, a S, 100 1 100 11001

2, wo~;o e0.'90510.8971 0.889t__0.4u _ PRESSURE. T/j (F 7 .2

STRESS, 0,-AFT3b31 0.5' 1 .0 __
D.:0 •,A•',UMrV•,AT" R ; "

"TIME TO ' (at"' -f__97 _. 6_• 1 245 ,"OL4Z50 0 7.5 0 10.00 125) 15.0r 17.!' e ''5 i2S.r [L _-.' __-_-

x, . StRA,: , Z. a I • 1 -2 -a. 0 1 2 ABU

c=:l*.RO.IM ,Tr% TES'T' '•H1 , ". !VOl 6:.45! 6.45: 6.45

..P•"o ic.N Sandy Silt(ML) ___

31 I 27 P1 4 Vus 2.76 1r O tc~tj Remnolded c
I EMS Renmolded to 90pcf at Opt. I EP'-=Ic-SacrzaT ento n

! water I System Evaluation (American River)
Max. Density =98.9 pef i&:Nc Mt. Comp. "o1 4A,_4B& 5B

SOpt. water = 20.9% 1 __...... .. _

Div. No. 103970, 103971 and I C,

_ _ _ _ _ _ TRIAKI:,L COMPRESSIONI TEZr.T REPORT

V:, 1970 P.?LATE14
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SACRAMENTO RIVER FLOOD CONTRO,

SIGMA-BAR (TSF)F.S.,No. 4A, 4B & 5B
Comp! "B"
Div., No. 103970.103971 &

0.60 - 103972
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.CO VS4 Fr~ I__ __ __ __

KA1 z]:(oPB____ _ _ _ _2.7-I

0.00 Lw 15 0X 3 3.0 3! -
NiOPW,4i SMý- U. T/SOC FT

__SPECY.01 10. A iB c

400 ~ ~~~~~ - --o oo~ ~ 9  99- 10
4. _ _ _ _ _ ,. 9ý.8, I *9

L9.ICu FT

WA7UELL 
AL.j COTNT__v__7Z 717

M V6.'25 710

- XURrOI,00 3c ; 001 100 1200]___
~1~0 ~lI ~0,.723 0. 718ý 0.709

PL , AC U, 177721 -7 -2! 7.
SIMSS T/ . ,O FT

0.:0 T - -Sto. I/SQf , 7 -4-..18 ~•.)
300 ,-, ~A rI J~I~A7 266 360 275~

OL.O

IJ ý C p _ -Ir
1COUROLLE0 STMu~N MST Nr.-VIL HIC4kT,. W. I~ 6 45L ..4 -'45 6,'-

2C~~0 OFSPCIMFT Sandy Silt (ML) 56.-

LL 31 FL 27 1 i 4 2- 276 T oF OF SrCruon Remolded jtýC ncES %I "- /

REMAX's Remolded to 100 pcf at RCQE__ISacramcen t L-Rivdr-Fl0o o d Con trno1-
~Opt. water. jbYstem Evaluation (kmerican Riverl

Max density - 98.9 pcf Js'omp "TB" -~. o 4A, 4B &5B

Opt I-at-er-o--2.0--9% I________ _________

Div.L-nd , NoS037 D___-- L March 1988
103972 ; TRMIAXL COMPRESSION TEST REPDRT __

R~v.jvnE1970PLATE 16'
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REMAKS~~yb~~pWATERA CONTEN Sarm 5t .ive F9 oo 14ontr 5. l

0 37__35_36

0 .U ~ 09 3 E V10210 RV OUS EDITION AREOSLTER (RNLUET



WIN M. I- ;i

.6- - - .7T - r f -4 1 l - - -

.5.
.5"1.0

o~~~~4 VODRT 1. .84 .14 .1

O~4 ----A--TONS 5 % 9 % Q
o ~ ~~ ~~~~ ---------D--NS---- 4. 95 0 5.

HOIZ NEFRMAION STN.S WATER COTFTW 5. __

0 VOID RATIO Cr .777 .7149 .727

0 1' t±SATURATION S- 89 % 497 % 950 % %

r,~ NRA STRESS TS FT 02 .0 01

TANLDAIO .80 796' .A7M91SEA
0TE.1/QF " 0.240. 0.41 0.81IEFR5 PRETC%

FAISLURE ATMONI

SHECON ROLE STRESST RARMEER OF4 TRATINO e,/1 .7774 .00 9 7270 1

TAN ULTMAIMATE SHEAR

LJCONTROLLED STRAIN STRESS, T/SO FT ~ '

TYPE OF SPECIMEN Remolded 3 . 25 IN. SQUARE 0.5 IN. THICK

CLASSIFICATION Silty Sand (SM)

LL PL PI GP . 2. 76

REMARKS Div.No."Compositc A" PROJECTSacramento River Flood Control
(lA7fB,2A,2B,3A,3B,6A System Evaluation (American River),
&6B) AREA

Dry denisty. =-9i 9pfDETDAEJnay18

- LDIRECT SHEA IR TEST REPORT LhI'

ENG FORM CPO :SROG OV-214-04S PIATIE IX-3
IJUN 65 2092 (EM I I .1-2-1906) PREVIOUS EDITIONS ARE OBSOLETE (TRANSLU)CENT)-



1 4-. 7 . .... . ..

~ 0.50. 5_ 4 ' - .

'-4+

0.5 1.0
NORMAL STRESS, aT/SQ FT

TEST No. A B C

WATRCNTET .,15.6% 15.3% 15.6%

0 VOID- RATIO

.I* -14-' SATURATION so 74 % 73 % 74 %%
0

OBC FTTd 108.8 109. 1 109.1

VOID RATIO AMTR e*7 51 .5
S -- CONSOLIDATIONe. . 7 .5 1 5 4

0 01 0.2 0.3 0.4 0.5 CONSOLIDATION, MIN---

HOI.DEFORMATION, IN. WATRR CONTENT w, 2 1 .9% 2 1 .4% 2 1.4%

zVOID RATIO Cr.627 .631 .598
SHEAR STRENGTH PARAMETERSI

SATURATION S, 97 % 97 % 199 %
= ~L.2..NORMAL STRESS,

TA1o /SO FT 1 0.25 0.50 1.00
TAN~ ~ 'MAXIMUM SHEAR

STRESS, T/SQ FT '*~~0.33 0.55 0.97
=' 0./0 T/SO Ff ACTUAL TIME TO t135 29 6

FAILURER, MIN35 29 36

FCONTROLLRO STRESS RAEO TAN NMN.0014 .0017 .0014
ri ULTIMATE SHRARE -CONTROLLED STRAIN STRESS, T/SO FT -

TYPE OF SPECIMEN Remolded 3T. 25 IN0QUR .5s I. HC

CLASSIFICATION Silty Sand (514)

- L P1 NPG2.76

REMARKS Div. Nlo."Composite All PROJECT Sacramento Rliver Flood

(lA. lB.2A .23, 3A, 33, 6A
&6B) Sy.&rtpm Ey luatiofl (American River)

Dry density -- 1OPcft AE

DOIING NO. 4 F- 87 SAMAPLENO.

_________________________ DEPT DAE January 1988

DIRECT SHEAR TEST REPORT PLAiT 2 C)
ENG FORM 'At... -2-21906) PlATE~u EDTOSAEOBOEEX-ANT.~--3

1 JUN 65 2092 (EMa1. 0219 PRlVIOU EDITAON ARIXOET TASIUE



0.00.8 li

o 0..0.
0 -6- - .-- +

I-4

U' 0.4 0.4--7

-7-

0 0 -

0 0.2 0.4 0.6 0.8 1.0

NORMAL STRESS, aT/SQ FT

-0.0 - TEST NO. AB C

~2 ;. WATER CONTENT W, 2 0. 19% 2 0. 97o 0. 5 % %

± VOID RATIO e- 1.140 1.153 1 .150
E

-SATURATION S. 49 % 5 9' 49 % %

-- -~.-.- DYDNSYd 7 80.5 80.0 80. 1

*.-.- i~i:; OID RATIO AFTER
CO RNSOLIDATION 1. 125 1.091 1.058

0 01 02 .3 .4 .5 TIME FOR 50 PERCENT0 0. 0. 0.3 0.4 0.5 CONSOLIDATION, MIN

HORIZ. DEFORMATION, IN. WATER CONENT w, 34. 9% 33. 7% 2 9. 9% %

zV0O0DRATIO Cr 1.031 .931 .877
SHEAR STRENGTH PAP'AMETERS ____ ____

SATURATION st 93 % 100 % 194 %y
= NORMAL STRESS, 02 5 .0 ___

TAN ~ ~~~T/SO FT0.2 0 50 1. 0

TA .13MAXIMUM SHEAR0.2.3 0.7STRESS,.T/SO FT 0.2 36 .7
0' Y T/SO FT ACTUAL TIME TO E 5 4 7

FAILURE, MIN35 34 37

EiCONTROLLED STRESS RATE OF STRAIN, IN./MIN .0014 .00 15 .00 13
ULTIMATE SHEAR

CONTROLLED STRAIN STRESS, T/SO fTT--

TYPE OF SPECIMEN Re o d d3. 2 5 IN. SOUARE 0. 5 IN. THICK

CLASSIFICATION Sandy Silt (!!L)

LL 3 - Pt 2 PI G. 2. 76

REMARKSDiv-No ."Composite B" POETSacramento River Flood Control
(4A, 4B3 &5B-) _System Evaluation (American River)

Dry ensiy = opcfAREA
Dry ensty 80cf ORINONO. 4r-87 SAMPLE NO.

_________________________________________ DEPTH

EL DAEJaur 1988
DIRECT SHEAR TEST REPORT PLATE ?-I

ENG FOM Gro: 19C Or-Z14-t8 7,ATEI-
I JUN 6m 2092 (EMl If10-2-1906) FREVIOUS EDITIONS ARE ORSOLETE (TRANSL UCENT) -PAEI-



* .8

!1-1d 11.- M I 1M --- --- ...

I-f. uZ

t4 1-+++-
"6.

...~Y .~ . ..

'- f- 
.-

TT IT

.0-

- i--.- - ANORMAL STRESS, aT/SQ FT

.00f q~~
rTi? t~ I i io TEST NO. ABC

2!U: WATER CONTENT W. 20.7 2 0A 2 0.7%

* -SATURATION s. 63 % 63 yo 63 %"91 %92 .1

.00. DRY DENSITY, 'd 9 . 01 9 .
L5/CU FT 'd 9 . u U

-IIVOID RATIO AFTER . 0 8 9 . 7CONSOLIDATION .0 89 .~

- ~ TIME FOR 50 PERCENT
0 01 0.2 0.3 0.4 0.5 CONSOLIDATION, MIN - -

HORIZ. DEFORMATION, IN. WATER CONTENT Wi33. 3% 31. 8% 30. 1% %

zVOID RATIO ef .926 .878 .837
SHEAR STRENGTH PARAMETERS .

SATURATION S, 99 90 100 % 99 % %
J_____ NORMAL STRESS, .5 0.0 10

T/5Q FT10 2 0. 0 . 0
TAN ' -T,7 qc MAXIMUM SHEAR

STRESS, T/SQ FT ~=.0.26 0.40 0.76
C' 0106~ T/SO FR ACTUAL TIME TO ~ 5 4 5

FAILURE, MIN35 34 3 0

RATE Of STRAIN, IN./MIN .0014 .001.5 .0014D CONTROILED STRESS

CO ROLD TRI ULTIMATE SHEAR It --LJ CNTRLLE STAINSTRESS, T/SO FT I-

TYPE OF SPECIMEN -R eiii ol1d e d 3. 25 IN. SQUARE 0. 5 IN. THICK

CLASSIFICATION Sandy Silt (11L)

LL 31 1PL 27 Pi 4 TG. 2. 76

REMARKS Div~o."CompositeB" PROJECT Sacramento River Flood Control
(CA,4WBI 5B) System Evaluation (American River)

AREA
Dry density = 90pcf BORINGNO. 4 -87 SAMPLE NO.

El - DATE January 1988

DIRECT SHEAR TEST REPORT PLATE 22
ING FORM GPO 1944 OF2494 LTEI
I JUN 63 2092 (EAf it 10-2-1906) PREVIOUS EDITIONS ARE OBSOLETE (TRANSLUCENT) -PAEI-



I1.0

44 1 t H

I-4

'4I

.2. .-

4# T~ 0 05r

.015+44- -~ NORMAL. STRESS, o.T/SQ FT

TEST NO. A B C

.0 ±Y± -A WATERCONTENT W' 2.9%2.62.

4 i~ VOID RATIO co 2 12 2

LISACUR ATI NS 1 7 % 7 9 % 8 0 %

0 ,D Y E ST ,V 9 9 .7 1 0 0 .0 9 9 .9

fir VOID RATIO AFTER
>CONSOLIDATION .728 .79 9

TIME FOR .50 PERCENT*0 0.1 0.2 0.3 0.4 0.5 CONSOLIDATION, MIN _ - - I

HORIZ. DEFORMATION, IN. WATER CONTENT W1 2 7 . 6%b 2 7 . 0%o 25. 7%

SHAzTEGHPRMTR VOID RATIO e' .762 .746 .710

SATURATION S, 100 % 100 % 100 %
370NORMAL STRESS, 002 .0 10

T/SO FT 0 2 . 0 1 0
TAN= o.7,5-3 MAXIMUM SHEAR

STRESS, T/SO FT i'..0.49 0.50 0.88
e= T/SO FT ACTUAL TIME TO ( 2 3 4

FAILURE, MIN I 2 3 4

ElCOTOLEDSRESRATE OF STRAIN, IN.IMIN .00151.0015 .0015

ULTIMATE SHEAR -
CONTROLLED STRAIN STRESS. T/SO FT --

TYPE OF SPECIMEN Remolded 3. 25 IN. SQUARE 10.5 IN. THICK

CLASSIFICATION Sandy Silt (M'L)

LL 31 ý Pt 27 P1 4 G. 2 .76

REMARKS Div.1io."Composite B" PROJECT Sacramento River Flood Control

(4A, 4B&5D) System Evaluation (American River)

Dry density = 1O0pcf 'AREA

BO50 RI NGN NO.-- 4 f-8 7 - SAMPLE NO.

DELT DATE January 1968
ELDIRECT SHEA IR TEST REPORT PAE2

ENG FORM Gro: 1*04 OF-210-*45 PLATE IX-3

1 JUN 65 2092 (EMI 11I0-2-)906) PREVIOUS EDITIONS ARE OSSOLETE (T-RANSLUCENT) PAEI-



APPENIK M-2-F

REPORT OF SOIL TESTS - SACRAEL RIVER FIX
C(IiI)L SYSIEP EW OCf (AMERICAN RIVER) - MAY 1988



0 , 41 0 9 9 9 9 9 9

* ~ ~ ~ ~ C U U C 9 9 9 9 *
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* 9 0.-a~~t 9 9 9 9 9 9 * * *
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* a 9 >~~~~c. 9 9 9 9 9 9 9 9 9 9 9 9 9 9

* 9 9 94 'X 7S a (4 9 9 9 9 9 9
* 9 0. O 9 . 9 9 9 9 9 9 It

* 9 *0 S 9 9 9 9 9 9

+1 *1 C1 .. 4. 991 911 91 9 9 9 9 9
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* *cE
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>* 9 4 In 0 :

9 9 0 9 9UC9 9 9 9 9 9
I 9i M O *0 ~ * 9 .
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* 9 0 90 0
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* C 8 09
* uZ U-9 9 9 9 9 9

9999~ ~~~~~10 L. 9 9 9 9 9 9
9~_ 9113 00 +1 01 91' * 9 91*

0 a in0 9 9 9
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0 o9 9 99 9 9 9 9

z!9 9 9 0 9 9 9 9 9

41 9 =0 9 9 9 9 9

1k. In 79 9 9 9
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UW3 J, 9 9 * 9 9 9 9 9 9

0.9~~~~~~~LT I 9 9 9 .



t.-,f Val% IM

-4 ..4 ....--

TIT I4 +I

-- l TES:N- A .3

..-......

.76 05 188 .05

-. ~ ~ ~ g -. 10 '4z. -_ __ _ __ _

0~ NORMA STRESS, o, -/S L/T

.01201 PTSNO

H40 RýIZ DEFO' ATION. I N .: 1; WATER CONTENT 1 6.0 9 8 2 2 '

z - VOID RATIO e. ).7090.8384 .9580

.q I- ;j*SATURATION 51 %o~io~i
NoO RY ENISTRY, 0.Y.5 10 _ _

VODRTIO AFT E

TANOIATO 7 5 2AXI822 ).9AR

____ ____TSOFT CTUATIMETOR 50 150RC0E48
0 0.1 .2 0.3 O.A 0. CFAILURE IO, MIN

SHECONROLE STRESST RAAERATRENTERSI .01 01 00

TAN Uk'iMATEMU SHEAR
LJCNRLD FANSTRESS, T/SO FT 0. 5 0.6,.7

TYPE OF SPECIMEN UND ISTURE ED 3. 25 IN. SQUARE 0 5 IN. THICK

CLS SFIATONLEAN CLAY with SAND_(CL)

LL35 23 Pi12 G.2.73

REMARKS PROJECT SACRZAMENTO RIVER FLOOD CONTROL

AREA -

BORING NO. 4F88-2 SAMPLE NO. -

DIRECT SHEAR TEST REPORT
ENG FORM C.10: mzo

I JUN 65 2092 (EM 1110-2-1906) FEEVIOUS EDITIONS ARE OBSOIFTE (TRANSLUCENT) PLATE.2



0.2- 77::,~
-- --- - -~ -. -

* ~ f4- -
II - T

I I-4I* If I
u AlA ~+

w~ 1I

0 0. .

0 .NORMAL STRESS, a, T/SQ FT

-. 005 -1 ~ -- ~ TEST NO.tj 4 S + -
_

_ .0101f ~Vn WATER CON1TENT 16. % %
z -. 015 *4- 45

0i1 4-F VOID RATIO eo0.5
-. 020l 0.959

1-44 -SATURATION %. 47%4ý tý:I
-. 2 .~-L/CU~ IT 87.0

U -030 
FEDN~Y

:1 V4 ' VOID RATIO AFTER~~.4. ~CONSOLIDATIONC)0 7
- TIME FOR ;50 PERCENT00 0.1 0.2 0.3 0.4 0.5 CONSOLIDATION, MIN-

HORIZ. DEFORMATION, IN. WATER CON4TENT Wo, 26 .3% %%9

z VOD RATIO ef .5
SHEAR STRENGTH PARAMETERS 0 5

SATURATION so 95 % % %
0 NORMAL STRESS, o.3

T/SO FT0.

TAN *=________ MAXIMUM SMEAR
STRESS ,T/S0 FT 7., 0.21

c'= - T/SQ FT ACTUAL TIME TO Rt 47
FAILURE, MAIN47

F-1COTRLLD TRSSRATE OF STRAIN, IN/lAIN .0006

E~1 ULTIMA.TE SMEAR
CONTROLLED STRAIN STRESS, T/SO FT

TYPE Of' SPECIMEN U D S RB D1. 5 IN. SQUARE 0 5 IN. THICK

CLASSIFICATION LEAN CLAY with__SAND (CL)

LL3 PL 23 PI 12 G. 2. 73

REMRKSPROJECT SACRAMENTO RIVER FLOOD CONTROL

AREA -

BORING No. 4r88-2 fSAMPLIENO. -

______________________________________ DEPTH*EL 2.5'-3.2' DvATE MAY 1988

0 DIRECT SHEAR TEST REPORT
ENG FORM 'A 11--96 RVOSEIIOSAEOSLT TASUET CPO 141o 1- 41 PLATE 3
1 JUN j, 2092 (rI11--96 RVOSEIIOSAEOSLT TASUET



.0

S= 0 DEC L_

0. 8 TAN I•: O.3 6' _ _ _ _ __ _ _ ,b _ _

O.O0

0.40- ___ ___

0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00 2.20

NORMAL STRESS, Or. T/SO Fr

1.20 "-A IB
SC- SPECIMEN NO.

AA

WATER CONTENT, s We 19.5 11. I 19-?2I
.00 DRY DENSITY V

LB/CUrT Rdo 80.8 86.5 86.5
SATURATION., S0  48 54 54

S0.80 1.2 094091__
b VOID RATIO eo 1.12 0.984 0.981

WATER CONTENT.I wC 37.8 34.2 33.0
0 __0 _ DRY DENSITY Yd00LB/CU FT c &4-2 -8.4 gn 0

SAIUIAION, II sc 100 100 1oo00 .

VOID RATIO eC .4 092.i.9)
0.40 - c 1.04 J0.942 0907

SFINAL 

BACK
PRESSURE. T/SO FT Uo 5.8 5.8 5.8 .

MINOR PRINCIPAL

0.20 STRESS. T/S0 FT r 0.3 0.5 1.0 10.0MAXIMUM DEVIATOR C-7'r

ASTRESS. T/SO FT ) 0.47 .0.79 1.17 .
TIME TO () 0,-3 )MAX 'MIN It, 54 12 26

0.00 ULTIMATE DEVIATOR -r-- (-"I 0r - ),- i0 .44
0.00 5.00 10.00 15.00 20.00 STRESS. T/SQ- UT 4 F..0.73 L].l2l

AXIAL STRAIN. E. INITIAL DIAMETER , IN. l oo ! _1 4 ! .4 3 l.. 4-

CONTROLLED STRAIN TEST INITIAL HEIGHT. IN. HO 3 72 3. 22- 3. :2:2
DESCRIPTION OF SPECIMEN R

LL 5 PL 2 1 s 2.75 TYPE OF SPECIMEN Undistrubed lTYPE OF TEST R-Bar
REMARKS D Nn-llL05439 PROJECT SACRAMENTO RIVER

FLOOD CONTROL SYSTEM EVAT.IIATTON
BORNC No- 4F-88-1 SAMPLE NO.

Depth: 31 - 3.7' i

SLAORATORY SPD DATE

__ TRIAXIAL COMPRESSION TEST REPORT
ENG FORM NO. 2089
REV. JUNE 1970

PLATE 4



1.00 -

ci?)

0.6

iF- -

CJ- 0.40 -

0.20

Li .2 - __ __ __ _ _

0 .00
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COEFFICIENT OF PERMEABILITY, FEET PER DAY

SACRAMENTO RIVER FLOOD CONTROL
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1. FIGURES BESIDE TEST POINTS INDICATE

THE REMOLDED DENSITY PRIOR TO TEST.
2. ALL SPECIMENS TESTED WITH A CONFINING LABORATORY PERMEABILITY
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GEOTECHNICAL BASIS OF DESIGN
LEVEE DESIGN REQUIREMENTS

FOR
AMERICAN RIVER

BACKGROUND

Following the record flows on the American River in February
1986 re-evaluation of the American River flood control system was
requested by the city and county of Sacramento. These culminated
in the following reports:

a. Special Study on Lower American River, California -
dated March 1987 by the Sacramento District for US Bureau to
Reclamation and California Department of Water Resources.

b. Office Report, Levee Stability, Sacramento River
Flood Control System Evaluation, American River Levees - dated
July 1988.

c. Reconnaissance Report, - American River Watershed
Investigation, California - dated January 1989.

Based on the findings in these studies, local interests
opposed to new upstream storage have requested a study to upgrade
the levees to pass floods by increasing the downstream capacity
in the lower American River.

. SCOPE OF WORK

Current design flow is 115,000 cfs and proposed objective
flows are 130,000 cfs and 180,000 cfs. To accommodate these
flows, raising portions of the levees will be required. Design
freeboard requirements for these objective releases are discussed
in Chapter 1 of Appendix N. It was determined that the levee
reaches shown on Plate 1 on the lower American River should be
studied. In conjunction with the study, the need for stone
protection was to be coordinated with the hydraulic design
engineers. This analysis is given in Chapter 4 of this Appendix.
In order to estimate the cost to upgrade the levees to safely
pass the objective flows, it was requested the following
information be provided:

a. Levee and foundation soil types by reach.
b. Levee reaches which require stabilization to

accommodate increased flood flows.
c. Type of stabilization to include berms, toe drains

or cutoff walls.
d. Toe drain, berm, and cutoff wall design.
e. Enlarged levee section design to provide adequate

freeboard.
f. Basis of design.

m-3-1



SITE CONDITIONS

On 18 July 1989, soil design and hydraulic design personnel
took a boat ride up the American River from its confluence with
Sacramento River to Watt Avenue bridge to examine soils in the
river bank, to evaluate river bank and levee slope conditions and
to determine areas requiring slope protection.

The banks of the American River are predominately silty sand
and sandy silt with lesser amounts of clayey silt. The banks
that stand steeper than 1V on 2H are predominately silt or sands
reinforced with vegetation either roots or grass (See Plates 2
and 3 for typical banks). Closer examination of the banks
revealed that the materials were often deposited in layers from 6
to 24 inches thick. The levees appear to have been predominately
constructed on the old river terrace. The levees are constructed
of similar silty sand and sandy silt observed in the river
terrace; however, the levee fill is predominately homogeneous
rather than layered.

On 26 and 27 July 1989 other District personnel examined the
American River levees to: (1) determine existing site
conditions, (2) develop possible levee alignments on the south
side of the river east of Mayhew Drain, (3) identify physical
constraints to levee construction and (4) verify soil types.

The overall condition of the levees was judged to be very
good. Detailed recorded information regarding levee conditions
is retained by Central Valley Section. The following general
comments summarize field observations. Foot traffic has created
areas that are denuded and therefore more susceptible to erosion.
The sands in the levees are highly erosive and some footpaths
have developed into erosion rills. These rills should be
repaired before they develop into ravines. The landside slope
and toe of the levee in the Riverpark area (River Mile 5 to River
Mile 7) has been encroached upon with residential development.
This encroachment makes emergency flood fighting more difficult.,
The alignment of the levee is difficult to determine at the
gravel pit located near River Mile 3 west of the sanitary
landfill. However, the ground has been built up in this area so
that flooding should not be a problem. This area needs more
study and future borrow pit operations must be monitored. The
freeboard on the levee along the Mayhew Drain has been reduced
due to construction of a relatively low bridge. The private
levee east of Mayhew Drain appears marginally lower than the main
river levees and are not well maintained. This levee has been
encroached upon in many areas, and development has been permitted
on the waterside of the levee. The north levees are in better
condition. In general they are not as large with no encroachment
and are well maintained. However, east of the Northeast sewage
sanitation plant the site conditions differ. Here, the levee has
been encroached upon both on the landside and waterside slopes.

A levee alignment for the new south levee east of Mayhew
Drain is shown on Plate 1.

M-3-2
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Many constraints or obstacles exist along the left levee.

These consist primarily of fences, utility lines and landscaping.
The constraints extend the entire length of the levee. In many
places bike paths or access roads will need to be moved. On the
right side, west of the Northeast sewage plant very few
constraints exist. There are many pumping plants to tie the
proposed subsurface drainage features. There are some access
roads and bike paths that will require realignment. in addition
there are many large features including bridges, roads, water
treatment plants and sewage treatment plants that may need
portions relocated.

During the 26 and 27 July field trips, the material in the
levees were found to be silty sand and sandy silt as found in
earlier studies.

SOIL TYPES

a. Foundation - The American River drains a portion of the
central Sierra Nevada Mountains. The present channel is at least
10,000 years old. The river alluvium is a product of (1) the
tectonic rise of the Sierra Nevada Mountains, fall of the central
valley, and associated metamorphism and volcanics; (2) the
changes in climate to include periods of glaciation and
deposition; (3) weathering and erosion of the mountains and (4)
man's influence that include hydraulic mining and the
construction of upstream dams. The levee's foundation is
primarily an old terrace consisting primarily of recent alluvial
sand, silt and clay of granitic origin. Below the Business 80
Highway bridge, the foundation materials are influenced by
alluvial deposits of the Sacramento River and minor tributaries
of North East Sacramento as well as the American River.

As illustrated on Plate 4 the foundation consists primarily
of fine sandy silt and clayey silt of low plasticity downstream
of the Business Highway 80 bridge. The fines content is
generally over 70 percent. On the right bank upstream of
Business 80 bridge to the Guy A West bridge, the foundation
consists of both silty sand and sandy silt, whereas upstream of
the Guy A West bridge the foundation consists predominately of
sandy silt. However, the fines portion, are between 50 and 70
percent and the materials are non-plastic. On the left bank
upstream of the Business 80 bridge to Mayhew Drain the foundation
consists predominately of sandy silt. Similarly, the fines range
between 50 and 70 percent and are non-plastic. Upstream of
Mayhew Drain, subsurface explorations have not been made. Soil
survey maps indicate the foundation materials are similar to
downstream soils but contain less fines.

m
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b. Levees - The levees were constructed with nearby or

adjacent waterside borrow. See Plate 5 for material composition.
The soil materials in the left levee downstream of Watt Avenue
consist predominately of silty sand, whereas upstream of Watt
Avenue the levees consist of sandy silt. The right bank consists
primarily of sandy silt with shorter reaches of silty sand.

STABILIZATION AND SEEPAGE CONTROL FEATURES

The July 1988 Office Report determined areas that require
stabilization by both drains and berms. Both toe drains and
internal cutoff walls are required. Where physical constraints
along the left levee toe do not allow sufficient area to install
"a toe drain a cutoff wall will be required. Some reaches require
"a berm and toe drain whereas other reaches require a toe drain
only. A typical toe drain is shown on Plate 6; a berm and toe
drain is shown on Plate 7, and a cutoff wall is illustrated on
Plate 8. Reaches where a berm and toe drain or internal cutoff
wall are required are shown on Plate 9. The toe drain must drain
to an existing pumping plant or other outfall drainage feature.
These were identified during the field investigations.

LEVEE ENLARGEMENT

Previous studies indicate that enlarging the levees an
additional four feet in height will not significantly change the
stability. However, it is important that the levee fill be
constructed properly. Plate 10 designates those reaches which
must have landside or waterside fill placement to increase levee
height. Plate 11 has been included to illustrate the steps to
obtain a stable levee with landside construction, while Plate 12
illustrates waterside construction.

LEVEE AND BANK STONE PROTECTION REQUIREMENTS

Requirements for erosion protection for the increased
objective releases are discussed in Chapter 4 of this Appendix.
Plate 13 indicates those reaches that are now protected with
stone and those reaches that require erosion protection as
described in Chapter 4. A few other reaches were identified as
actively eroding.

M
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WATERSIDE Crest Width Varies LANDSIDE

S/ V/'/• ~Minimum G" --- I•" / • •gregate Base L.orse
31 - - Soil Bentonite or Cement Bentonite

Cutoff Wall at Centerline of Levee

TYPICAL SECTION

CUTOFF WALL

AMERICAN RIVER WATERSHED
FEASIBILITY STUDY

AUGUST 1989

LOWER AMERICAN RIVER ALTERNATIVE

PLATE 8
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This report is prepared to provide an analysis of the need,
location, and design of rock slope protection along the American River
from its confluence with the Sacramento River (River Mile (RM) 0) to
Goethe Park (RM 15) for an increase in the objective flow from Folsom
Dam to 130,000 and 180,000 cfs.

PRIOR STUDIES

The following documents were reviewed:

a) Special Study on Lower American River, California, dated
March 1987

b) Reconnaissance Report, American River Watershed
Investigation, California, dated January 1989

c) Office Report, Levee Stability, Sacramento River Flood
Control System Evaluation, American River Levees, dated
July 1988

d) Geotechnical Reconnaissance Report, American River
Watershed, California, prepared by Soil Design Section,
dated May 1987.

A review of the HEC 2 Data Set from the Sacramento Flood
Insurance Study for FEMA, developed in 1988 was used to obtain
cross sections and design velocities for the study reach.

FIELD IS "'NS

On-site inspections were made of the study reach levees and channel
in July 1989. An inspection by boat was made by Hydraulic and Soil
Design engineers on July 18, 1989. Surface flow at the time of the
inspection was 6,500 cfs. In general, the banks are composed of mainly
sandy silt and silty sand. There were some areas that consisted of
clay. The lower reaches were heavily vegetated with large trees and
thick brush as well as wide berms. Other areas had no berm and very
little vegetation with little or no bank protection.

A ground reconnaissance of the study reach was also conducted on

M-4-1
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July 24, 1989. Surface flow at the time of the inspection was
5,000 cfs. Heavy vegetation was observed on many parts of the
river. There were areas with a wide berm and heavy vegetation
and other areas where the incised channel abutted the project
levees. Downstream of Goethe Park the project levee on the left bank
ends. Small private levees are in place from Goethe Park upstream to
Nimbus Dam. The right bank fias hcmes built right to the river edge.
Bank erosion was noted on the left bank from RM 0.5 to RM 4. The toe of
the left bank near California State University, Sacramento is also
eroding. There was evidence that several bridge abutments and areas of
levee had been rocked since the 1986 flood.

ASSUIM(NS AND CR¶IA

Water surface elevations and design velocities for the study area
were developed in 1988, by the HEC 2 program for the Sacramento Area
Flood Insurance Study. The model was calibrated using the 1986 high
water marks and cross sections taken in 1987. Cross section data in the
study reach was obtained from the 1988 FEMA Study for the Sacramento
area. Bank protection requirements for the American River were
determined using a discharge of 130,000 and 180,000 cfs. A 20%
reduction in boundary roughness conditions in the FEMA HEC 2 data deck
was assumed. The average channel velocities ranged from 3 to 16 feet
per second.

Channel stone riprap protection was designed in accordance with
EM 1110-2-1601, "Hydraulic Design of Flood Control Channels"
and ETL 1110-2-120, Incl 1, "Additional Guidance for Riprap
Protection" assuming a unit weight of 165 lbs per cubic foot.
For the American River, 12 "typical cross-sections" were used to
represent the study area. The analysis was done using depths
averaging from 15 to 30 feet, representing the approximate toe
depths. Table M-4-1 lists the location, design velocity, layer
thickness as well as the length and. whether the levee, channel or
bridge abutment has been recommended for revetment. Average
velocities in the reach from RM 0.0 to RM 6.0 ranged from 4.5 to
7.5 ft/sec (130,000 cfs) and 5.5 to 10 ft/sec (180,000 cfs). The
computed minimum layer thickness is 12 inches, however, due to
the uncertainties of turbulence during the design flows, 15
inches is recommended. The suggested minimum weight of rock,
W50 min, is 34 lbs for areas identified in the reach from RM 0.0 to
RM 6.0 for both design flows.

In the reach from RM 6.0 to RM 8.0, the velocities are expected
to exceed 12 ft/sec (130,000 cfs) and 15 ft/sec (180,000). The
computed minimum layer thickness is 21 inches (130,000 cfs) and
27 inches (180,000 cfs). These thicknesses are recomended for
areas identified in this reach. The W50 min to be used in this
reach is 93 lbs (130,000 cfs) and 197 lbs (180,000 cfs). The
reach from RM 8.0 to Goethe Park (RM 14.0) has expected

0
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velocities from 5 to 9.5 ft/sec (130,000 cfs) and 6.0 to 11
ft/sec (180,000). The computed minimum layer thickness of 12
inches (130,000 cfs) and 18 inches (180,000). The reconmmended
layer thickness for the 130,000 cfs is 15 inches and 18 inches
for 180,000 cfs for the areas identified in this reach. The W50
min to be used in this reach varies frcm 34 to 58 lbs.

REXXW•TI()S

After review of the study area and written materials, the following
are the recommendations for riprap along the American River from the
mouth to Goethe Park. All bridge abutments will need to have slope
protection at both levee and channel locations. Although the study
limit is Goethe Park, all bridge abutments upstream to Nimbus Dam should
also be protected. All recommended sites from the May 1987 Geotechnical
report for riprap have been included as areas for riprap. Channel bottom
stability under increased design flow conditions was not reviewed at
this time. However, based on observation of materials along the study
reach and computed velocities, it is recommended that channel
stabilizers be constructed downstream of each bridge, as shown on Plate
40 of EM 1110-2-1601. There appears to be scour holes developing
downstream from the Watt Avenue Bridge and between 12th Street and Union
Pacific Railroad Bridges that are candidates for channel stabilizers at
the present time.

0 Type of sites to be revetted are channel bank only, levee
embankment only, channel bank and levee, and bridge abutments.
For channel bank only, the potential scour depths during design
events are unknown. A rock toe should extend a minimum of ten
feet below the channel thalweg. Provision of "roll-back" rock at
the top of the rock site on the berm should be made to protect
the rock site from overtopping flows (Figure 1). An example of this is
upstream of the 1-5 Bridge at Discovery Park. The levee embankment only
option is specified at many locations. In these reaches, the levee is
presently setback a sufficient distance from the main channel bank so
that only protection of the levee embankment will be required. A toe is
provided for this type of site to protect the critical interface between
the levee embankment and berm (Figure 2). An example of this is the
area near Cal Expo. There are some locations where the channel bank is
sufficiently close to the levee embankment to warrant protection of the
channel bank and levee in a continuous slope or the channel bank, berm
and levee embankment (Figure 3). An example of this is the area through
the CSU, Sacramento reach. For the purposes of the Feasibility Study, it
should be assumed that all bridge abutments in the study reach shall be
protected. If feasible, the typical rock section would be similar to
that for the levee embankment.

0
14-4-3



0
AO)FTI(UAL SflI~uz

Should this measure become part of the selected plan, there will be
a need for additional studies during Preconstruction Engineering and
Design. The study area levees will need to be evaluated more thoroughly
by a team ccmiposed of hydraulic design and soil design Engineers. The
team will confirm the necessity for riprap by inspection and soil
samples of the levees.

M-4-4
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TABLE m-4-1

RECOMMUEND)ATIONS FOR RIPRAP THICKNESS

RIVER LOCATION LT/RT LENGTH TYPE DESIGN VEL WEIGHT (LBS) THICKNESS

MILE BANK (FT) SITE (FT/SEC) min USO (IN)

(APPROX) 130,000/ 130,000/ 130,000/

180,000 cfs 180,000 cfs 180,000 cfs

0.0 Sacto Riv Levee, American Riv

Levee, Jibboom & 1-5 Br

(Geotech site #1) LT 6000 L,C,B 7.0/9.4 34/34 15/15

0.2 Jibboom St & 1-5 Br. RT 1500 C,B 7.0/9.4 34/34 15/15

1.7 Northgate BL across NEMDC RT/LT 200 B,L 7.8/10.2 34/34 15/15

1.9 Levee at 12th St causeway RT 400 B,L 7.8/10.2 34/34 15/15

1.9 U/S of 12th St Br, Bike, RR Br LT 3000 B,CB 7.8/10.2 34/34 15/15

(Geotech site #2)

2.0 12th St, Bike, RR Br RT 2000 BC 7.8/10.2 34/34 15/15

3.7 Union Pacific RR Xing RT 400 BC 4.7/5.6 34/34 15/15

3.9 Business 1-80 RT 400 B,C 4.7/5.6 34/34 15/15

3.6 Misc Bridge Abutments RT 500 B 4.7/5.6 34/34 15/15

3.8 RR Br to Bus. 1-80 LT 1500 B,C 4.7/5.6 34/34 15/15

4.1 Bus 1-80 to Paradise Beach LT 6000 L 7.9/9.0 34/34 15/15

5.3 U/S of Cal Expo RT 3000 L 7.3/8.6 34/34 15/15

6.4 D/S of H St Br to U/S of Guy

West Br RT 4000 L 12.4/15.1 93/197 21/27

6.4 B/S of H St Br to Sac State

(Sac State to Guy West Geotech

site #3) LT 5000 CB 12.4/15.1 93/197 21/27

7.2 Guy West Br to Howe Ave Br LT 4800 L,B 12.4/15.1 93/197 21/27

7.2 U/S Guy West Br to U/S Howe

Ave Br (Geotech site #4) RT 3500 L,B 12.4/15.1 93/197 21/27

8.1 U/S Howe Ave Br D/S Watt Ave Br

(Geotech site #5) RT 5500 L 9.6/11.0 34/58 15/18

9.3 Watt Ave Br RT 200 B 5.1/5.9 34/34 15/15

9.3 Watt Ave Br LT 200 B 5.1/5.9 34/34 15/15

9.4 U/S of Watt Ave (Geotech site #6) LT 4000 L 9.6/11.0 34/58 15/18

TOTAL CHANNEL BANK ONLY 11800

TOTAL LEVEE ONLY 37400

TOTAL CHANNEL BANK AND LEVEE 8000

TOTAL BRIDGE ABUTMENT 4300

NOTES: C = Channel Bank Only

L = Levee Only

CB = Channel Bank and Levee

B = Bridge Abutment0 All stations represent the approximate start with distance going upsstream
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GEXILOIC EVALUATION OF AISMIUEUMIVE Ir - ALHFN DAM PROJEM

Scope of Work

This section of the report will describe the results of a
geologic evaluation of four damnsites located on the North Fork
American River near Auburn, California. The purpose of this study is
to evaluate the pertinent geologic features associated with each site
related to the possible construction of a dam at any one of those
sites, and to provide data for cost estimate comparisons.

The scope of work included a literature search, data acquisition
and analysis, geologic field reconnaissance, and preparation of this
report.
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Sunary n- of the Aui Dan Project

Location. - This study discusses four damsites previously under
consideration on the North Fork Anerican River near the town of
Auburn, Placer County, California. The sites are situated along the
American River from the upper end of Folsom Reservoir, upstream to the
confluence of the of the Middle and North Forks of the river at
approximately river-mile (RM) 22.4, a distance of approximately 3.4
miles (see Figure 1). The sites are located at RM 19.0, 19.2, 20.1,
and 22.1. The river-mile numbering system used when discussing the
damsites throughout this report and earlier reports is from a U.S.
Geological Survey (USGS) River Plan and Profile Survey of 1936.

The alternative sites were chosen by Bechtel National Inc. as part
of a contract with the California Department of Water Resources for
evaluation of the design and construction of facilities for the Auburn
Dam Project. By examining topography and geology, Bechtel chose four
sites based on two criteria, the suitability for construction of a dam
large enough to impound 2.3 million acre feet of water, and a dam
which would require less construction material than the proposed dam
at RM 20.1 already examined by the USBR. Bechtel investigated a total
of 12 alternative dam designs at the four sites. These are discussed
in following portions of this report. It should be noted that Bechtel
included consideration of a high dam at RM 22.1 only for cost
comparison with similar size dams at the downstream sites.

The following paragraphs explain the sequence of events which led
to the termination of construction by the USBR at the RM 20.1 site,
and to the feasibility studies for alternative sites which followed.

Early Investigatio . - Consideration had been given to
constructing a dam along the lower portion of the North Fork American
River as early as the 1920's. Perhaps the earliest record of detailed
investigations is from 1929 when several prospective sites were
examined by the American River Hydro-electric Company. Included were
sites in the RM 17.9 vicinity, and at RM 21.0, 1.4 miles downstream of
'the confluence of the North and Middle Forks.

0
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In June 1942, the USBR published a preliminary geologic report
proposing construction of a concrete dam about 500 feet high at RM
22.4. The initial proposal for subsurface investigations included
drilling 20 core holes, but an extensive landslide was encountered
after completion of only seven of the holes, totaling 1,385 linear
feet, and the site was eliminated from further consideration.

In 1943 the proposed site was shifted 4.5 miles downstream to
approximately RM 17.9. That proposal consisted of a 520-foot-high dam
with a 1-million-acre-foot reservoir. Six core holes were drilled at
that site which was later flooded by Folscm Reservoir after completion
of Folsom Dam in 1956.

A 1955 reconnaissance study conducted by the USBR concluded that a
rockfill dam at RM 19.1, or a concrete dam at RM 20.5 were the most
feasible alternatives to be considered. In 1956, the USBR drilled one
core hole at Tamaroo Bar, at RM 20.5 (referred to as Robie Point in
some reports), and concluded that a large zone of serpentine in the
right abutment would provide poor foundation conditions for a concrete
dam.

Subsequently, the emphasis was shifted to the RM 19.1 site.
In 1957, the USBR drilled 30 holes, totaling 4,116 linear feet for the
spillway, diversion tunnel, and outlet structures. The exploration
program indicated that althought the rock contained numerous faults,
shear zones, and other discontinuities, it was considered a suitable
foundation for an earth or rockfill dam. However, they determined
that the stuctural orientation of those discontinuities in relation
to the steep canyon slopes produced conditions unsuitable for
construction of a concrete dam. The results of those findings
presenting the feasibility of constructing a dam at RM 19.1 were
transmitted to Congress in early 1962.

In conjunction with the 1957 exploration program, the USBR
conducted a construction materials investigation. It consisted of
excavating 71 power auger holes and test pits, sampling cut-slopes and
mine workings, and visual classification and laboratory testing of
selected samples. The sources for impervious and semi-pervious borrow
material for the dam embankment were to be from nine borrow areas,
designated "100" through "900", all identified within a 3-mile-radius
of the site.

In 1962 the design of the proposed dam was changed to that of a
690-foot-high structure with a reservoir capacity of 2,500,000
acre-feet, and its axis alignment was moved upstream approximately
1,000 feet to better fit the topography. A review of the geologic
conditions and availability of construction materials indicated that
the geologic explorations conducted during 1957 were adequate for the
new site and no additional drilling would be necessary. Additional
field mapping was conducted to delineate known and potential
landslides and areas of instability, and to possibly extend the limits
of the potential borrow areas to provide the additional embankment
material needed for the enlarged dam. In late 1963, a supplemental
report was forwarded to Congress discussing the USBR's conclusions
regarding the proposed enlarged dam concept.

M-5-4



In 1965, following 2 years of Congressional hearings, construction
of a dam was authorized at one of numerous sites between RM 17.9 and
the confluence at RM 23.3.

Subsequent to that authorization, the USBR concentrated their
efforts on a rockfill dam at RM 19.1 with an underground and/or
surface powerplant, and a double-curvature thin-arch concrete dam at
RM 20.1 with a surface powerplant.

In late 1966 and early 1967 the USBR conducted an additional
materials investigation to better delineate the availability of dam
embankment material within 10 miles of the damsite, and aggregate
material within 20 miles. This study supplemented the 1957 materials
investigation and included the possible use of gravel bar deposits on
the American and Bear Rivers as aggregate sources.

Later in 1967, it was decided to design and build a
double-curvature thin-arch dam at RM 20.1. That decision was based
largely on the difficulty of obtaining sufficient material required
for construction of a large embankment dam. Once the decision was made
to build the thin-arch dam at RM 20.1 an extensive geologic
investigation and testing program was undertaken. The following
paragraphs discuss that investigation program.

River Mile 20.1 Site. - The Auburn field office of the USBR was
established in 1966, prior to the final decision on the design of the
dam.

Once the final design for the configuration of the concrete dam was
established it was decided that the foundation mapping and detailed
geologic investigations would include the area 500 feet upstream and
downstream of the axis of the dam, and to a depth of 500 feet below
the dam foundation.

Site geologic investigations began with detailed mapping of surface
exposures. Because most of the surface was obscured by residual soil
and slopewash, approximately 5 miles of exploratory dozer trenches
were excavated to expose the near-surface geologic features. During
the same time period, extensive NX core drilling was being conducted
to explore the subsurface features.

As part of the overall geologic investigation program, a series of
exploratory tunnels, drifts, and raises were excavated into the
abutments at various elevations beginning in December 1967. The design
of the underground excavations was based largely on the complex nature
of the geologic structure exposed at the surface. It consisted of six
main tunnels with a total length of 3,550 feet, eleven drifts within
the tunnels totaling 2230 linear feet, five raises totaling 1028
linear feet, and a 10.5-foot-diameter shaft 185 feet deep. For testing
purposes, the drifts were excavated at right angles to the anticipated
principle stresses to be exerted by the dam.

Analysis of geologic information from the exploration program
* delineated three major structural units; continuous fault zones
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(F-zones), talc zones (T-zones), and blocks of foundation rock bounded
by the fault and talc zones.

The underground explorations were then used to conduct in-situ rock
mechanics and laboratory testing to determine deformation
characteristics within various foundation blocks as related to
variation in rock type and the effects of jointing and minor shears.
Testing was also conducted to determine deformation and shear
properties of the fault and talc zones. The testing program for the
rock consisted of 18 uniaxial and three radial jacking tests on the
blocks. At most sites, two surfaces were prepared, giving a total of
33 values. The portion of the program conducted on the
discontinuities consisted of 22 in-situ plate gouge jacking tests to
determine deformation properties of the F-zones and T-zones, and six
direct shear tests to determine shear strength, cohesion, and friction
values of the discontinuities. The results of the testing is discussed
in Appendix A, Foundation Properties.

In conjunction with the in situ testing of the foundation rock,
extensive laboratory testing of rock core samples and undisturbed
shear zone samples obtained from the in situ testing sites were
conducted.

By 1972, approximately 83,000 linear feet of drill core had been
obtained from 304 holes drilled from both the surface and the tunnels
for the foundation investigations alone.

Permeability testing was performed to determine the permeability of
the bulk rock as well as the F-zones and T-zones. High-pressure exit
gradient tests were conducted on the discontinuities within the
tunnels to determine their piping potential beneath the dam. In situ
testing within the underground excavations was completed in November
1969.

During the excavation and cleaning of the foundation keyway
extensive geologic mapping was conducted.

The change in the design from that of an embankment dam to a
concrete dam required additional investigations to identify aggregate
sources for the approximately 6 million cubic yards of concrete
required for the thin-arch concept. Late in 1967 and again from 1968
through 1970, the USBR conducted investigations to identify the
quantity and quality of the aggregates in the gravel deposits located
within the proposed reservoir area. The studies estimated that
approximately 8 million cubic yards of pitrun aggregate could be
obtained from approximately 270 acres of gravel bars and river
channel.

Seismic Studies. - On August 1, 1975 a Richter magnitude 5.7
earthquake occurred near Oroville, California, about 45 miles
north-northwest of Auburn. That earthquake produced surface cracking
on what is considered to be a northern extension of the Bear Mountains
fault zone, portions of which also pass near the Auburn damsite. As
the result of that earthquake, numerous seismic safety studies were
undertaken to deteapine, 1) the seismic potential of the area with
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emphasis on estimating the Maximum Credible Earthquake (MCE) for the
site, 2) the ground motion that would be produced by this MCE, 3)

* whether reservoir-induced seismicity is possible, and 4) if there are
faults in the dam foundation along which displacements could occur in
the event of an earthquake. The following summaries describe the
various major reports from the seismic studies with their results and
conclusions.

Note: The numbers in parenthesis ( ) throughout this report refer
to the corresponding entries in the Bibliography (Section IV).

1. Bureau of Reclamataion Project Geology Report (13). In
September 1975, shortly after the Oroville earthquake, the USBR
initiated a seismic evaluation of the Auburn area to determine the
potential for surface faulting in the foundation of the dam. This
was the preliminary study focused on the structural and
stratigraphic relationships of T-zones, F-zones, and intrusive
dikes in the site area. The study included approximately 20 miles
of dozer and backhoe trenching, and 47 core drill holes totaling
about 20,000 linear feet in the area surrounding the damsite.
Fault zone (F-l), the largest and longest (4,500 feet) fault
present in the foundation for the arch dam, was the focus of this
study. F-l, which due to its relationship with the T-zones, could
be used to determine the relative ages of the discontinuities.
The entire length of F-1 was exposed in and outside the foundation
to determine the age of last movement.

The results of the studies were published in 1977 in a three
volume report entitled, "Seismic Evaluation of Auburn Damsite"
(13). The major conclusions of this study were:

1. F-zones, the designation for the system of local faults
which cross-cut the regional structure, offset all T-zones which
parallel the regional structure. Hence, F-zones are the youngest
discontinuities in the foundation and appear to be unrelated to
the regional metamorphic structure. Based on these relationships,
the USBR investigators (as well as the independent consultants
reviewing the seismic investigations) concluded that displacements
along T-zones in the foundation are not credible.

2. Studies of F-1 show that although as much as 120 feet of
lateral separation of early Mesozoic age rock is documented in the*
foundation, no more than a few feet of displacement has occurred
since dike emplacement, 130 to 140 million years ago. Later
investigation provided more finite limits on F-1 movement.

3. A fault discovered near the ridge top southwest of the daam
foundation early in the investigations of regional faulting, was
later shown to displace a geologically young ( 5 to 20 million
years old) volcanic deposit capping the metamorphic bedrock in the
area. This fault, termed the Maidu East shear zone, was
subsequently shown to be inactive by USBR standards. This
assessment was based on the presence of buried soil layers, or
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paleosols, judged to be at least 100,000 years old. These soils
are traceable across the Maidu East shear zone and show no
evidence of displacement by the fault.

2. Woodward-Clyde Consultants (15). In March 1976 Woodward-Clyde
Consultants (WCC) made an unsolicited proposal to USBR to study
the age of faulting in the Auburn area. WCC was awarded a
contract to conduct an independent evaluation of the potential
seismicity of the Auburn damsite. Their work was completed in
July 1977 with the submittal of the eight volume report titled
"Earthquake Evaluation Studies of the Auburn Dam Area". The basic
results of their study was, 1) that an estimated MCE of Richter
magnitude 6 to 6.5 at a focal depth of 6 miles could be expected
"near" the damsite, 2) that numerous structures in the area have
the potential for dip-slip surface rupture with a maximum
estimated displacement of 0.8-foot, and 3) that there would be a
50 to 80 percent likelihood of a reservoir induced seismic event
(RIS) greater than magnitude 3.0 and a 30 percent chance of a RIS
of the magnitude of the Oroville earthquake (5.7) or larger
occurring near the dam during the design life of the dam.

3. Bureau of Reclamation Panel of Consultants (19,20,21,22,23). A
panel of five consultants was retained by the USBR in April 1976
to review and evaluate the seismic studies conducted by the USBR
(13), the WCC report (15), and the static and dynamic design and
analysis of the dam (16). This panel of nationally recognized
experts in the fields of geology, seismology, and dam design were
Dr. Richard Jahns, Dr. R.W. Clough, Dr. Clarence Allen, Dr. Lane
Johnson, and Dr. J. Laginha Serafim. At the completion of the
seismic studies in July 1978, each consultant presented a brief
report detailing their conclusions and recommendations. These
reports were reproduced and distributed as a part of the USBR's
series of reports on the Auburn Dam seismic studies.

4. Supplement to Project Geology Report by the Bureau of
Reclamation (17). During the height of the USBR's Auburn vicinity
seismic investigation, it became clear that several areas of
highly specialized studies requiring outside expertise were
warranted. Because the completion of these studies extended
beyond the original time estimates for the site investigations, a
two-stage program of data release was selected. The results of
the first stage of investigations was presented in the 3-volume
Project Geology Report (13) published in mid-1977 (discussed
above) while the results of the second stage studies were produced
in a 6-volume series published in mid-1978 titled "Seismic
Evaluation of the Auburn Damsite" (17). Following is a brief
discussion of the more critical reports:

Volume 1, "Evaluation of Quaternary Stratigraphic Data for
Assessing Fault Activity, Maidu East Shear Zone", by consultant
Dr. Roy J. Shlemon. This report evaluates the conflicting WCC and
USBR evidence of fault activity on the Maidu East shear zone. Dr.
Shlemon concluded that 1) the local bedrock steps used by WCC to
corroborate evidence of faulting are the result of soil
development, not faulting, 2) the buried soil in trench GT-1 which
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WCC used to denonstrate active faulting is actually a buried soil
tongue, not a paleosol, and is not displaced across the Maidu East
shear zone, and 3) the two 100,000-year-old buried paleosols found
in trench DT-65 (after WCC completed their field work) were
unbroken across the Maidu East shear zone and demonstrate that
this fault "..has been inactive for at least the last 100,000
years o

Volume 3, "Study of Dike/Fault Intersections Northwest Portion
of the Auburn Damsite", by consultants D.K. McMillan and J.D.
O'Brient. This report presents detailed analyses of the
structural relationships between faults F-1 and F-0 and the
cross-cutting, age-dated dikes exposed northwest of the damsite.
This study provided the precise direction of last movement
occurring on F-1 which was needed to determine the amount of
post-quartz mineralization displacement on F-1 in Volume 4.

Volume 4, "Analysis of Faulting in the Auburn Damsite" by staff
geologists D. Ostenaa and R.H. Throner. This report documents the
various analytical steps utilized in determining the amount and
timing of the last known movement of fault F-1. The key element
in this study is a left abutment foundation shear, identified as
the Steeply Dipping Shear (SDS). This shear parallels bedrock
foliation and is the only shear which offsets fault F-1. This
relationship and SDS's structural relationship with other
intersecting quartz veins, shears, and dikes permitted
investigators to demonstrate through the use of orthographic
solutions that only about 2.5 feet of net slip displacement has
occurred on F-1 since the period of quartz mineralization, about
100 to 120 million years ago. This key assessment provided the
geotechnical members of the Auburn consultants panel the means to
determine meaningful amounts of potential fault displacements and
earthquake recurrence intervals for the Auburn site.

5. Review of WCC Report by USGS (49). The U.S. Geological Survey
reviewed the WCC Report in 1978 and concurred with the findings
that: activity on the foundation faults were indeterminate by USBR
criteria; the Maidu East fault exhibits evidence of displacement
within the last 100,000 years (i.e. active by USBR criteria); that
there was likelihood of reservoir-induced seismicity; and that an
epicenter within 0.5-mile of the dam should be considered.
However, the USGS concluded that a Magnitude 6.5 to 7 earthquake
with a 3-foot displacement in the foundation was possible rather
than a Magnitude 6 to 6.5 earthquake with 0.8-fOot displacement
recommended by WCC.

6. Review of Seismic Safety of the Auburn Damsite by CDMG (50).
This 1979 report, which was issued as the California Division of
Mines and Geology Special Publication 54, was prepared as a joint
effort by California's Division of Safety of Dams, Department of
Water Resources, and the Consulting Board for Earthquake Analysis
of Auburn Dam. The report served as the State's official position
on the geologic and seismic parameters to be used in the dam
design. The first portion of this publication is a report by the
Consulting Board for Earthquake Analysis for Auburn Dam, a
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consulting board of eminent geologists, seismologists, and dam
design engineers engaged by California Department of Water
Resources, This board, chaired by George W. Housner with members
John H. Blum, Bruce A. Bolt, Douglas D. Campbell, Alan L. O'Neill
and H. Bolton Seed, concluded that the following design parameters
for a dam at the Auburn site were appropriate:

1. A Magnitude 6.5 earthquake with a response acceleration of
0.50g in the one second portion of the spectrum.

2. A fault slip in the foundation rock of up to 5 inches.

The State Geologist, together with the CDMG staff, concurred with
the Board's design parameter except in the area of foundation
displacement. CDMG concluded that 9 inches of foundation
displacement is a reasonable design parameter.

7. Department of the Interior Press Releases.

July 30, 1979: In this press release Secretary of the
Interior, Cecil Andrus announced that the seismic design
parameters for Auburn Dam would be those recommended by the
State of California. These were: 1) and MCE of Richter
Magnitude 6.5; 2) a foundation displacement of up to 9 inches
in a single seismic event; and 3) a ground response
acceleration of 0.50g in the one second portion of the
spectrum.

December 30, 1980: In this press release, Secretary of the
Interior, Cecil Andrus announced that a "safe dam can be
constructed at the Auburn site". He also recommended that a
concrete gravity dam be selected rather than a rock-fill
embankment dam.

8. Additional Reports. Several other reports were written to cover
various design aspects of the dam which are beyond the scope of
this study. A partial list of those include:

Design Analysis of Auburn Dam (16)

Paleomagnetic Investigation of F-1 Fault, Auburn Dam (30)

Auburn Damsite Seismic Studies Overview (18)

Auburn Damsite Seismic Studies Summa (29)

USeR Proposed Alternatives. - In January 1979, following the
seismic studies, the Secretary of the Interior halted construction
on the thin-arch dam, and the USBR undertook studies of alternative
designs at RM 19.1 and 20.1. The studies considered embankment and
concrete dams which would provide the same reservoir storage and
power generating capabilities as the thin-arch dam. Based mainly on
the existing work that had been done at the RM 20.1 site, the

0
M-5-10



designs were narrowed to two alternates; a double-curvature concrete
gravity arch dam (OG-3) at mile 20.1, and a rockfill dam at RM 20.1
just downstream of the existing thin-arch keyway at RM 20.1

Concrete Curved-Gravity Dan.- The foundation for OG-3 was
designed to utilize the existing foundation excavation for the
thin-arch dam with some additional excavation required downstream of
the keyway. The foundation for the alternate design, like that of
the thin-arch dam, contained structural discontinuities in the form
of joint sets, cleavage planes, shear zones, and fault zones,
including the major fault zone (F-i) which traverses most of the
left abutment foundation.
Treatment of the discontinuities, deformable rock, and
differentially weathered zones conducted on the thin-arch foundation
would have been extended downstream into the CG-3 foundation
excavation as necessary.

The CG-3 design would have been 685 feet high, with a crest
length of 4,150 feet, and a base thickness of 465 feet. It would
have had a gated spillway located in the center of the dam.

Rockfill Dam. - The designs for the rockfill alternative
included a central core rockfill embankment with a excavated surface
spillway, river outlet works, and an underground powerplant. The
foundation would have been located approximately 1,400 feet
downstream of the axis of the RM 20.1 thin-arch axis. The USBR
determined that the foundation for the dam and spillway was
comprised of the same type of rock as the thin-arch foundation, but
was geologically less ccmplex with fewer T-zones and F-zones.

Because the rockfill dam would utilize much of the excavations
conducted for the thin-arch dam, detailed mapping of geologic
structures and knowledge of foundation conditions were already
available. Additional geologic investigations included drilling for
a new powerplant and spillway alignment, and foundation explorations
on the upper right abutment.

Bechtel Prqgogpd Alternatives. - In February 1984, a
Federal-State task force was organized for the purpose of reviewing
the status of the Auburn Dam Project and its viability in the
region's water and power development. This task force (The Auburn
Dam Task Force) sought outside assistance to determine two issues.
First, was the project as proposed by the USBR the least costly to
accomplish the desired functions? Secondly, is there a
smaller-sized project acceptable to non-Federal investors? To this
end, the California Department of Water Resources (DWR) retained
Bechtel to prepare an evaluation of the Auburn Dam Project. The
funding of this project was shared equally by DWR and USBR.
Following is a summary of the results of the study titled,
"Evaluation of the Auburn Dam Project" completed in November 1985.

Bechtel considered four different types of dams; concrete
gravity similar to the USBR's CG-3 design, roller compacted concrete
(RCC), rockfill, and a concrete-faced rockfill dam. A total of 12
alternatives to the CG-3 dam were evaluated for sites at RM's 22.1,
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20.1, 19.2, and 19.0. The concrete dams would have had spillways
located on the main river portion of the dam. For the rockf ill
alternatives, a stepped spillway would be constructed on one of the
abutments.

River Mile 22.1. - The steep canyon walls at RM 22.1 would
allow for a dam with a relatively short axis. Bechtel evaluated a
concrete gravity dam which would require approximately 6.2 million
cubic yards of concrete, an RCC dam with a volume of 10.3 million
cubic yards, and a rockfill dam with a central core which would
require about 34.6 million cubic yards of material, all of which
would have a straight axis from 2750 to 2770 feet long.

Bechtel noted that the disadvantages to this site are; the need
for diversion tunnels, the need for a conduit from the dam to the
Placer County Water Agency's (PCWA) intake tunnel, and the fact that
a large dam would flood-out the PCWA's Oxbow Powerplant on the
Middle Fork American River at times of high reservoir levels.

Bechtel considered the landslide on the right abutment, which was
discovered by USBR during their studies for the RM 22.4 site in
1942, and concluded that by moving the axis alignment to RM 22.1 a
conventional concrete and an RCC dam could be built without
encountering the slide.

Bechtel was of the opinion that if a rockfill dam was built at
this site the material in the slide could be removed and used as
embankment material.

River Mile 20.1. - At RM 20.1, Bechtel evaluated all four
alternatives. They considered alternatives which would take
advantage of work already accomplished at the site, ones in which
the axes would be shorter than the CG-3 dam, and if possible, ones
that would avoid the F-1 fault.

The first design considered was that of a concrete gravity
concept aligned to avoid the landslide area on the right abutment
and to not be located on the F-1 fault, except on the extreme left
end of the dam where the height would be only about 30 feet. The
length of the dam would be 3450 feet and would contain approximately
8.3 million cubic yards of concrete. No modification to the existing
diversion tunnel would be required.

An RCC dam, also considered by Bechtel, would also have a length
of 3450 feet but due to the thicker section would have a total
volume of approximately 13.6 million cubic yards. Although some
foundation excavation and treatment would be required, the diversion
tunnel could be used without modification.

Bechtel also considered a rockfill dam with an impervious core
slightly downstream from the axis alignment selected for the
concrete gravity dam. The dam would be 3380 feet long and have a
total volume of approximately 42 million cubic yards. Their reason
for moving the axis alignment downstream was to keep the upstream
toe inside the existing cofferdam. Although the cofferdam was
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partially destroyed during the 1986 flooding and would require
rebuilding, the location of the cofferdam would not change.

* Because of the wide footprint of the foundation, the rockfill dam
would cover the area occupied by the slide on the right abutment and
several hundred feet of the F-I fault. The slide material which
would require removal may be usable as embankment material.

The downstream toe of the dam would extend beyond the outlet of
the existing diversion tunnel and would require the construction of
a 1400-foot-long tunnel to extend it.

The last type of dam considered was a rockfill dam with an
upstream concrete face. The axis alignment for this dam would also
be shifted downstream to keep the face of the dam away from the F-I
fault, but by doing so would result in the dam being located on the
right abutment landslide. This would also require removal of the
slide material. The foundation would be 3380 feet long and have a
volume of about 37 million cubic yards.

The concrete-faced rockfill alternative would also require
construction of a 1200-foot-long extension to the existing diversion
tunnel.

The concrete-faced rockfill alternative would require excavation
of a spillway through the ridge forming the left abutment. The
spillway would be an unlined, stepped chute approximately 1400 feet
in length.

Bechtel determined that there was no cost savings to construct a
rockfill dam with a concrete face instead of a conventional rockfill
dam, so the concrete face concept was not considered at any other
location.

River Mile 19.2. - Bechtel considered a concrete gravity
and a rockfill dam at this site. The entire construction area would
be located within the limits of Folsom Reservoir and would thus
require construction of a downstream cofferdam. They also reported
that either the existing diversion tunnel would need to be
lengthened and routed past the downstreant site by way of a conduit,
or that an upstream cofferdam and a diversion tunnel would need to
be built.

Because of the relatively steep canyon walls, a dam at this site
would need to be approximately 3380 feet long to impound 2.3 million
acre feet of water. The volume of materials required for dams at
this location would be approximately 6.5 million cubic yards for a
concrete gravity dam and approximately 35 million cubic yards for a
rockfill dam. It is not known why Bechtel didn't consider an RCC dam
at this site.

The spillway for a full-sized rockfill dam at this site would be
located on the right abutment. It would consist of a gated, unlined
stepped chute approximately 1200 feet long. The maximum depth of

* excavation would be approximately 120 feet at the spillway crest.
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An item of concern which Bechtel didn't address in their studies
was the need for the care and diversion of water exiting
Knickerbocker Canyon. Rockfill dams at both RM 19.2 and 19.0 would
require some type of diversion structure to carry water away from
the embankment which would be constructed across the mouth of the
canyon.

River Mile 19.0. - The types of dams considered at this
site were a concrete gravity, an RCC gravity, and a rockfill. Due to
the configuration along this reach of river, the right abutments
would be located very close to those of the RM 19.2 site. The length
of the dam would range from 3900 feet for the rockfill dam to 4030
feet for the concrete dams. Like the RM 19.2 site, any of the
alternatives at this site would require a downstream cofferdam to
impede the backwater from Folsom Lake.

Bechtel selected an RCC dam at this site as being the most cost
effective full-sized alternative to the CG-3 dam at RM 20.1, Their
determination was based mainly on the slightly narrower canyon at
this site and the resultant reduction in volume of construction
materials needed.

The USEBR evaluated the Bechtel report and noted in several memos
that there were items in the report which were misleading when not
clarified. The most important of those was the fact that although
Bechtel included the cost for site investigation in their
determination of the most cost-effective alternative site, they
didn't include the time needed for that investigation. USBR
Geologist Wendel Carlson (35) pointed out that:

"...the RCC type dam at mile 20.1 is $91.4 million more than the
RCC type at 19.0, but can be completed at an estimated 34 months
earlier. This 15 percent increase in cost, although significant,
does not appear excessive if the mile 20.1 dam can be completed
nearly three years ahead of the mile 19.0 dam. A similar
comparison of the rockfill designs shows that at mile 20.1 site,
the cost is only about 2 percent greater, but the completion time
is 26 months earlier."

Note: The 34 months difference in the completion time is derived
from RM 19.0 requiring an additional 17 months of site
preparation, and 24 months of geologic investigations, but with 7
months less actual construction time for the dam, spillway, and
power facilities.
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CGKXAGIC STIDY

PMpose

The purpose of this study is to present findings of geologic
concern for the proposed alternative damsites (RM 22.1, 19.2, and 19.0
sites) to the USBR 20.1 Auburn Damsite for design and estimating
construction costs. The RM 20.1 damsite is not addressed in detail in
this report because the geology and seismicity of the site have been
studied extensively, and there are no known site conditions which
would significantly affect the dam design and estimation of
construction costs.

The geologic review of the proposed damsites was accomplished in
three steps: 1) preparation of a bibliography; 2) collection of
available pertinent data; 3) analysis of geologic data for each
damsite. Those studies culminated in the preparation of this report.

B~i.•"•_. - In preparation of the bibliography, all available
geotechnical, environmental, and design data written for the Auburn
Dam Project was researched. This included reviewing correspondence
and technical reports prepared by five agencies in the Sacramento area
to locate and identify the data. Those agencies included: 1) U.S.
Bureau of Reclamation; 2) California Division of Mines and Geology;
3) California Department of Water Resources; 4) California
Department of Water Resources Division of Safety of Dams; and 5) U.S.
Army Corps of Engineers.

The references cited in this report are on file in the Geology Section
of the Geotechnical Branch and are included in this report as Chapter
IV, Bibliography. A complete reference relating to the Auburn Dam
Project from 1929 to 1987, along with the location of each reference
in the Sacramento area, follows the report as Appendix B, Auburn Dam -
Geotechnical, Environmental, and Design References.

Data Awiusition. - Available pertinent geotechnical and design
data on the alternative damsites were acquired for review from the
U.S. Bureau of Reclamation Mid-Pacific Region Office and the Auburn
Construction Office.

Geologic Consierations. - The geologic analysis used in review
of the proposed alternative damsites included consideration of: 1)
spillway alignments; 2) tunnel alignments; 3) landslides; 4) dam
foundation alignments; 5) faults and seismicity; 6) site access and
clearing; 7) borrow areas; 8) environmental impact; 9) geologic
investigations; and 10) scheduling and staging. The following
paragraphs describe the details of geologic considerations that were
addressed in the analyses of the alternative damsites.
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Spillway Aligrmmts. - Spillway alignments at the damsites
are proposed only for embankment dams since conventional gravity
and roller compacted concrete dams have the spillways incorporated
into the structure. The geologic analysis of the spillway
alignments includes the determination of the lithology, depth of
weathering, and nature of discontinuities necessary for
determining design criteria, quantities of excavations, design of
cut-slopes and the overall associated costs. For example, concrete
lined spillways will be required unless the invert is excavated
into slightly weathered or fresh rock.

It cannot be assumed that all material excavated from the
spillway will be suitable for use in an embankment dam. Specific
rock strength, density, and gradation are required in a structure
of this type. In cases where rock is highly weathered and soft,
the excavated material may be suitable for use in an impervious
core with special processing and treatment.

TUnnel Alignm s. - Diversion tunnels are not necessarily
required during construction of a concrete gravity dam. An
alternative is a staged construction in conjunction with a river
outlet-works where the diversion feature is incorporated into the
dam and later plugged. In another case, a single tunnel can serve
as an interim diversion facility and later as a river outlet
facility.

Although diversion tunnels for embankment dams are ideally
located along alignments which require a minimum of excavation,
consideration must be given to lithology, weathering,
discontinuities, and ground water. Longer alignments in hard
unfractured rock may be less expensive than shorter alignments in
rock which is highly weathered, highly fractured, and crushed or
sheared and therefore require specialized tunneling techniques.
Special consideration must also be given to tunnels which cross
faults that may have potential for displacement.

Landslides. - Landslides present difficulties for dam
construction and operation. During construction, landslides in the
dam foundation must be removed. It cannot be assumed that the
landslide debris will be suitable as a construction material. For
embankment and RCC dams, special processing and treatment of the
debris may be required. Specific rock strength, density, and
gradation are required in a design of this type. For conventional
concrete dams, all excavated debris is wasted. Landslides located
adjacent to portals of river outlet works or diversion tunnels
have a potential for further movement or complete failure
(especially during reservoir operation) resulting in blockage of
tunnel portals. When possible, tunnel portals are located in
areas not affected by landslides. If unavoidable the landslide or
slopes having potential for failure are removed.

Dam Fourdation Aligramnts. - Dam foundation alignments are
important in determining estimates for excavation and associated
costs. Concrete dams (conventional and roller compacted concrete)
require excavation to the top of slightly weathered rock.
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Embankment dams constructed on rock only require excavation to the
top of moderately weathered rock.

For concrete dams all excavated material is wasted. For
rockfill dams it cannot be assumed that the excavated foundation
materials will be suitable for use as a construction material in
the dam. Specific rock strength, density, and gradation are
required in a design of this type. However, in the extreme case
where the rock is highly weathered and soft, the excavated
material may be suitable for use in an impervious core. Special
processing and treatment may be required.

Special consideration is given to discontinuities in the rock
of the excavated foundation. These discontinuities include
fractures, joints, shear zones and faults. In all dam designs
(concrete and embankment dams) overexcavation of soft and crushed
zones in shears and faults is required. Faults are discussed in
more detail in the following section. In addition, grouting
requirements (grout curtain design) are dependent on the depth,
spacing, and tightness of fractures and joints. All grout curtains
and foundations are designed to minimize the velocity and increase
the flow path of water moving through the foundation.

Faults and Seismiitv. - Regional and site-specific faults
and seismicity are important in selecting the location of
damsites. Seismicity and the structural relationship of faults
are evaluated to determine the expected maximum intensity of
ground-motions and fault displacement in the dam foundation.

0 A dam foundation and structure are designed to withstand
seismic loading such as ground-motions and fault displacement
produced by a MCE. An MCE is the largest earthquake that appears
capable of occurring under the given geologic conditions. It is a
rational and believable event that is in accord with the present
knowledge. MCE's are commonly assigned to various sources. Large
magnitude earthquakes from distant sources will not necessarily
produce ground motions as intense at a given damsite as a smaller
magnitude earthquake occurring at the damsite. Generally, the
potential for ground rupture and fault displacement is greater
from a site-specific earthquake.

All faults in the dam foundation are not necessarily considered
as being capable of activity or displacement. The criteria for
determining fault activity are based on historical seismicity,
structural relationship to known active faults, and the last dated
movement and recurrence of movement along a fault. Different
agencies have different parameters for defining the last dated
movement and recurrence of movement along a fault. Faults
determined to be active by the U.S. Army Corps of Engineers define
the last dated movement as being less than 35,000 years old.
Faults determined to be active by the USBR are ones
determined to have experienced relative displacement during
the last 100,000 years.

0
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Reservoir induced seismicity is a relatively new concern for
deep reservoirs. Reservoir induced seismicity is seismicity which
may occur within the reservoir as a result of loading and or
lubrication of faults by water as reservoir impoundment occurs. 0
WCC reviewed geologic and seismologic data for 16 dams and
reservoirs in the Sierran foothills. Of those 16, six are deep
and/or large reservoirs in geologic and structural settings
similar to the proposed Auburn Dam and reservoir. Only one of the
six, Oroville, is suspected of having reservoir induced seismicity
and this is considered "questionable" (15). However, it is
generally considered that any seismicity induced by reservoir
impoundment will not exceed that which can be produced by a
site-specific MCE.

Site Access arn Clearing. - Site access and clearing are
important in terms of property ownership and physical features.
Investigations beyond feasibility level will require extensive
road development leading into the site and at the site. Once a
site is selected for construction, clearing of vegetation and
stripping of overburden in the foundation is required. An
embankment dam requires stripping an area much larger than that
required for construction of either a conventional or RCC gravity
dam.

Borrow Areas. - Sources of construction material are
important for concrete, and embankment dams. Ideally, the sources
of borrow are available in the proximity of the damsite. For
concrete dams nonreactive hard aggregate is required. For
embankment dams a rock source and an impervious material source
are required (except for a concretefaced rockfill dam). The
borrow sources ideally should be located in areas which have a
minimum affect on the environment. Locating borrow areas in the
reservoir area would have the minimum environmental impact.

En- eircmmntal impact. - The affect on the environment in
selecting a damsite involves broad areas of concern. The most
visible are concerns with borrow areas, waste areas, and reservoir
rim slope stability. Other areas of concern involve fish,
wildlife, vegetation, water quality, and water rights (both ground
water and stream flows).

Geologic Investigat . -Geologic investigations are
crucial in dam design and foundation design and are generally
performed in conjunction with a regional fault and seismicity
study. The site investigations would generally include
reconnaissance field mapping, several exploration core holes, and
limited trenching. Once a site is selected, detailed mapping,
extensive core drilling, extensive trenching, and in-situ rock
mechanics testing is performed in conjunction with a detailed
site-specific fault and seismicity study. The RM 22.1, 19.2, 19.0
sites would have to be explored based upon the concept of a large
dam in order to determine whether an expandable structure could be
built there. The time required to perform these explorations
would be a minimum of 2 years and depending upon results of the
exploration and evaluation, could be longer.
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Table M-5-1 shows a comparison of the status of geologic
investigations conducted for the full-sized alternatives. The
table was prepared by USBR (35) upon reviewing the Bechtel report
(47).

Scheduling and Staging. - Staging dam construction for future
expansion is a relatively new concept. However, older existing
dams have been modified and raised to increase reservoir storage
for the purpose of flood control or water use. Spillways on
existing dams have also been modified for the purpose of flood
control.

Building a dam for the purpose of future expansion requires the
same level of geotechnical investigation and design as that which
would be required for the final long-term structure. This
includes foundation, tunnels, and spillway concerns. In addition,
sources of borrow (both aggregate for concrete dams, and rock and
impervious material for embankment dams) are evaluated. If borrow
sources are located in the reservoir, the materials used in future
expansion may require stockpiling at the reservoir rim or at some
downstream location. An exception to this would be the case of
expanding a "dry dam" design to impound water.

Regicral Geology, Faults, and Seismicity

The following paragraphs briefly describe the regional geology,
faults, and seismicity in the vicinity of the alternative
damsites. An in depth discussion of these topics is available
from sources listed in the references section of this report.

Regional Geolon. - The proposed Auburn Dam sites are located
in the western foothills of the central Sierra Nevada
Gecmorphic/Geologic Province. The Sierra Nevada is a highly
asymmetric mountain range having a long gentle western slope and a
high steep eastern escarpment. It ranges from 50 to 80 miles
wide, is about 400 miles long, and trends northwesterly. The
alternative damsites lie within a portion of the foothills
referred to as the "Western Metamorphic Belt". This belt is a
northwest-trending zone 30 to 50 miles wide and 250 miles long.
The eastern margin of the belt is delineated by intrusive rocks of
the Sierra Nevada batholith. The western margin of the belt is
overlain by sedimentary rocks of the Great Valley sequence.

The geologic history of rocks in the Western Metamorphic Belt
is long and complex and beyond the scope of this report. An
accepted explanation involves plate tectonic concepts. During the
Mesozoic Era the western margin of the Sierra Nevada underwent
several periods of intense crustal deformation. The North
American plate converged with the Pacific plate resulting in the
accretion of terranes comprising the Western Metamorphic Belt and
in the formation of the Foothills fault system.
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MI 1M-5-1

STATUS OF ( BtGIC ]V' GATICNS

Exploration Site Drilling Exploration & Rocks Mechanics

Site Type of Dam Status of Mapping Trenches Logged No. Holes Fotage Test Tunnels Testing

(Feet) (Feet)

20.1 CG-3 All construction 26,000± 372 98,000± 6,958 Completed

(Curved axis) excavation geologically

mapped in detail

CG or RCC Geologic mapping, exploratory trenching, drilling, tunneling, and rock mechanics testing at

(Straight axis) CG-3 is applicable at this site.

Rockfill As above, but some additional drilling would be required.

(Concrete face

or conventional)

19.0 CG or RCC Left abutment- None None None -0- None None

River channel- Incomplete None None -0- None None

Right abutment- Incomplete 8,500± * 19 * 4,600± None None

0
Rockfill As above 15,000+ 30 (right 8,000+ None None

& Left

abutments)

19.2 CG Preconstruction

grade geologic mapping 9,300+ 23 6,200+ None None

nearly complete

Rockfill As above 15,000+ 30 8,000± None None

22.1 CG, RCC, or Incomplete None 7 1,400± None None

Rockfill

* Majority of holes located outside the immediate area of the proposed axis for the dam.
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The Western Metamorphic Belt consists primarily of Paleozoic andO Mesozoic metamorphic marine sedimentary and volcanic rocks ranging in
age fran 150 to more than 300 million years old. The rocks are
complexly folded and faulted. Bedding and foliation are mostly
steeply dipping to vertical and trend parallel to the Belt. The
sequence is locally intruded by Mesozoic granitic rocks which comprise
minor rock types. Tertiary volcanic and sedimentary materials ranging
in age from 5 to 40 million years fill paleo-drainages. Remnants of
Plio-Pleistocene formations ranging in age from 1 to 5 million years
blanket portions of the Belt. Present-day drainages dissect rocks of
the Western Metamorphic Belt.

Faults. - The Foothills fault system consists of
northwest-trending, subparallel, near-vertical fault zones. The
faults are located within the Western Metamorphic Belt, and divide it
into several large terranes (blocks). The fault system includes two
major fault zones in which ultramafic rocks are closely associated.
Rocks along the zones have been locally altered to serpentine, talcose
serpentine, talc schist, and chlorite schist. South of Placerville,
the fault zones are generally well defined linear features having
relatively few structural complexities. North of Placerville the
fault zones branch out, forming a network of structurally complex and
less well-defined systems. The easternmost fault zone is referred to
as the Melones fault zone. It projects southeastward to approximately
9 miles east of the damsites. The westernmost fault zone is referred
to as the Bear Mountains fault zone. It branches and projects through
the vicinity of the damsites.

The last major movement along the Foothills fault system occurred
in response to the tectonic regime in existence during the Mesozoic
Era about 140 million years ago. Other significant movement along the
fault system occurred approximately 65 million years ago. Some faults
within the Foothills fault system have been reactivated since late
Cenozoic time, beginning approximately 5 to 10 million years ago.

Branches of the Bear Mountains fault zone are not well defined in
the vicinity of the damsites under study. However, during their
studies of the Auburn area, WCC identified two north-northwest-
trending zones which have general structural continuity with branches
of the Bear Mountains fault zone to the north and south.

These zones, termed lineaments, are locally 400 to 600 feet wide
and exhibit "aligned linear elements" which are "... generally
coincident with zones of Mesozoic deformation..." within the
metamorphic bedrock. They include the DeWitt - Salt Creek lineament
located about 0.5-mile east of the RM 20.1 site, and the Pilot Hill -
Maidu East - Deadman lineament zone passing about 800 feet west of the
site.

As noted earlier, the Secretary of the Interior, in July 1979,
announced the adoption of State recommended design parameters for
Auburn Dam. With respect to the potential for foundation displacement
at the Mile 20.1 site, the California State Geologist recommended a

* surface displacement of 9 inches ".;.as the design parameter with the
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possibility of this movement taking place along a single fault surface
or distributed among several'.

It should be noted that the structural relationships of the Maidu 0
East shear zone and faults in the foundations of the alternate
damsites may be different than that of the RM 20.1 damsite, and
subject to different displacement parameters.

. - The damsites are located in a region of relatively
low to moderate seismicity. Historically, occasional tremors have
been felt in the Auburn area. The tremors, however, have resulted
from distant earthquakes in regions of higher seismicity. Examples
include the April 1906 San Francisco earthquake (Richter magnitude
8.25) located approximately 110 miles west of Auburn, and the
September 1966 Truckee earthquake (magnitude 5.8) located
approximately 65 miles east of Auburn.

Small to moderate earthquakes have occurred in the western
foothills of the Sierra Nevada. Most seismic activity is concentrated
in the Nevada City - Grass Valley area and the Oroville - Chico area.
The largest earthquakes recorded since records have been kept (1850)
were the 1940 Oroville event (magnitude 5.7) located approximately 18
miles north of Lake Oroville, and the August 1975 Oroville event
(magnitude 5.7) located approximately 7 miles south of Oroville.

Geologic evidence gathered in the vicinity of Oroville Dam and the
Auburn RM 20.1 damsite, following the August 1975 Oroville event, has
established a precedence for considering the Foothills fault system to
be active. Faults of the Foothills fault system within a 2-mile radius
of the Auburn damsites are considered to be capable of generating a
MCE of magnitude 6.5

MCE's from areas having high seismicity outside the area of the
Auburn damsites range from magnitude 8.5 within the Coast Ranges 100
miles west of Auburn, to magnitude 6.5 25 miles north near Nevada
City. These sources would not impose seismic ground motions as great
as the MCE (magnitude 6.5) generated from the Foothills fault system
in the vicinity of the damsites.

Seismic ground-motion parameters and an MCE of magnitude 6.5 were
established for the RM 20.1 damsite by the Secretary of the Interior
in July 1979. Those parameters can probably be interpolated to the
other alternative damsites because of their proximity to the RM 20.1
damsite.

Site Geology

The following discussion of the site geology is taken directly
from the USBR's reports titled "Auburn Dam Excavation and Treatment,
Records of Geologic Investigations, Part I of IV" (10), "Project
Geology Report, Seismic Evaluation of Auburn Damsite, Summary Volume"
(14), and "Design and Analysis of Auburn Dam, Vol. One" (16).

About 98 percent of the surface is covered with some type of
surficial material: colluvium, landslides, or river alluvium. The
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largest areas of rock exposure are in the river channel and the
lower canyon slopes.

The major component of colluvium is slopewash, which usually
ranges from 0.5 to 10 feet thick, averages about 2 feet thick, and
consists of weathered rock fragments in a loose matrix of silty
soil. This material forms on slopes subject to mass wasting and
generally overlies 1 to 4 feet of rock affected by creep. Residual
soils are poorly developed and found only on the flatter slopes,
such as the upper left abutment of RM 20.1 and the upper right
abutments of RM 19.2 and 19.0, where they are 2 to 3 feet thick.

Units designated as landslides are very old rubble slides that
have attained a state of equilibrium through natural adjustment of
the original slide mass. They mostly range in thickness from
about 10 to 40 feet. Many of the landslides are bounded on at
least one side by a continuous planar structure such as a shear
zone or fault. Landslides may be reactivated by undercutting
during construction activities, particularly during wet weather.

Amphibolite is the predominant and most competent rock type
throughout the area. Where unweathered it is a hard dense rock.
This fine-grained feldspar-amphibole schist is derived from
low-grade regional metamorphism of Mesozoic volcanic flows and
tuffs. Accessory minerals present in this rock are chlorite,
epidote, carbonate, and quartz. The attitude of the foliation is
relatively uniform throughout the area, with an average strike of
about N.30°W. and an average dip of about 75°NE.

Locally within the amphibolite are metasedimentary and
metavolcanic rocks of varying composition. The metasedimentary
rocks range from laminated metashale and thin-bedded
metasandstone, which are softer and more highly foliated than the
amphibolite, to harder highly siliceous metachert and quartzite.

Throughout the area are numerous fine grained and porphyritic
veins and dikes. The dikes occur throughout the area both as
single isolated units and as local swarms where they are spaced 5
to 20 feet apart. They dip mostly from 50 to 301 to the
southwest. Dike contacts exhibit a variety of conditions. Most
are planar but irregular with small steps interlocking them with
the country rock. Sheared contacts generally are planar and
smooth.

Veins of quartz and calcite occur mostly along joints and shear
zones. Veins along joints usually are less than 0.5-inch-thick.
Those along shear zones generally are 0.1 to 0.3-foot-thick, with
local pods to 5 feet thick.

Talc and chloritic rocks are of special importance because they
are the weakest rock units in the area. Individual zones or
complexes of these units, including serpentine, are referred to as
T-zones. T-zones occur as tabular zones parallel to the
metamorphic foliation and as large discordant masses which are
largely serpentine. In the foundation excavation for RM 20.1 the
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The T-zones were reported to range from 0.1-foot to several
hundred feet in thickness in the construction area. This included
areas outside the foundation (upper left abutment). In the
foundation area only T-0 is greater than 45 feet. Elsewhere in the
foundation T-14 ranges from 25 to 40 feet in width (mid-right
abutment). Two discontinuous T-zones, T-3 and T-18 which die out
downstream of the foundation, have widths ranging from 4 to 20
feet, and 5- to 23 feet in thickness, respectively. Most T-zones
range in thickness from 0.1-foot to 5 feet, with the five major
T-zones having average thicknesses ranging from 2 to 30 feet.
Generally, they are discontinuous and commonly bifurcate or braid
through the country rock. Portions of these zones may be sheared
and contain varying percentages of soft gouge.

Discontinuities occur throughout the area in the form of shear
zones, faults, joint sets, and cleavage planes.

Shear zones, which are relatively planar zones of fragmented
rock, usually contain some clay gouge. Shear zones which parallel
the foliation within the T-zones can be somewhat more continuous,
on the order of several hundred feet. Most shear zones crosscut
the foliation and dip to the southwest. They range from single
thin layers of clay gouge, to zones 5 to 20 feet thick containing
various amounts of clay gouge, quartz-calcite veins, and dikes
They are limited in length from a few hundred feet to more than
1,000 feet. Shear zones which have been interpreted as being
continuous over large portions of the area have been termed
faults, or F-zones. The majority of these faults dip moderately to
the southwest. They consist of one or more shear zones composed of
highly variable amounts of clay gouge, rock fragments, and
quartz-calcite veinlets.

At the RM 20.1 site F-zones and T-zones constitute more or less
continuous planes of weakness that form boundaries of large blocks
within the foundation. Although nine joint sets were identified
in the early stages of investigations for the thin-arch dam, the
faults seen to have developed parallel to two major joint sets,
N.400 W. with a 450SW dip, and N.600W. with a 15 to 200SW dip.
Although the identification of these joint relationships for the
most part were developed in the foundation excavation for the
thin-arch dam, it is highly probable that the same or similar
joint sets continue southward into the RM 19.2 and 19.0 sites.

Site Geologic Analysis

River Mile 22.1 Damsite. -

Investigations. - There have been no explorations above the
streambed on the left abutment at this site. All previous exploratory
holes were drilled in the streambed and on the right abutment a few
hundred feet upstream of the RM 22.1 site proposed by Bechtel.
Explorations at this site were halted when it was determined that a
large landslide existed on the right abutment. Further explorations
would be required to determine feasibility of this site.
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Spillwy. - The spillway for an embankment alternative at RMS 22.1 would be located on the ridge which forms the left abutment. The
spillway design for the large dam shown in the Bechtel report is of
major concern because it cuts diagonally across the toe of a large
slide located on the east side of the river at approximately RM 21.6.
The spillway would be excavated into metavolcanic and metasedimentary
rock. The spillway would probably require lining. Explorations would
be needed for final determination.

TMnul and Outlet Works. - The tunnel and associated outlet
works excavated in the left abutment, would be founded in metavolcanic
and metasedimentary rock like that in the spillway. The degree of
fracturing and possible presence of shears or faults along the
proposed alignment is uncertain and would require an extensive
exploration program to determine.

Iandslices. - The large landslide mass located upstream of
the right abutment of the RM 22.1 site is a feature which underlies a
portion of Highway 49, as well as several buildings located above the
highway. In addition, a large spillway located on the spillway
alignment downstream of the dam poses a threat of slope failure into
the spillway.

If a small dry dam concept is adopted, the relatively rapid
reservoir filling and drawdown increases the possibility of failure of
the slide upstream of the dam. This was demonstrated by the numerous
landslides which occurred in the flood and the subsequent failure of

* the cofferdam at the RM 20.1 site. The removal and or stabilization
of the slide mass should be addressed in the consideration for the dry
dam concept. If the staged concept is adopted, the same concerns
remain and should be addressed here also. The large dam concept
presents less of a problen since Highway 49 and the existing buildings
would have to be relocated or removed prior to inundation of the
reservoir. However, the effect of a slide on a diversion tunnel must
still be considered.

The Environmental Impact Statement addressed the consequences of a
landslide mass on a 2.3 million acre foot reservoir and concluded that
adequate freeboard was designed into the dam to absorb any wave
generated by the slide. But should a dry dam, or small dam concept be
adopted the possibility of a large slide damming the river and
creating essentially an ungated structure will need to be considered.

In addition, numerous smaller slides exist in the canyon which
would be affected similarly but with fewer and less serious
consequences. The decision to remove or stabilize each of these slides
would be dependent upon the location and size of the dam configuration
selected.

Dam ixurdaticml. - Based on information prepared by Mr. E.C.
Marliave (2), the foundation materials at this site consist primarily
of amphibolite schist with scattered areas of phyllite. The rock is
weathered and fractured and a significant amount of chloritized or

* serpentinized schist is located below the site on the right side of
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the river. Quartz, found in shear and fracture systems and healing
the original fractures, has been subsequently fractured in most
instances. Schistosity generally strikes at right angles to the
stream at this location. The dip of the schistosity varies by about 30
degrees on either side of vertical and in sane areas, dips downstream.
Numerous joint sets have been developed, some of which are unfavorable
to the site. Two sets dip steeply downstream, three sets dip gently
downstream and three sets dip from each abutment toward the channel.,
All of these joint sets could be the source of problems during
construction and grouting of a dam at this site.

Treatment in the form of shaping of the nearly vertical rock face
at the base of the left abutment would be required for both an
embankment and RCC dam.

Grouting of the dam foundation to reduce seepage may have to be
extended well outside the extent of the dam foundation on the left
abutment because of the thin ridge which makes up that abutment.
Explorations and water pressure testing would be required to ascertain
the permeability of the materials in the ridge and to determine the
amount of seepage which would be acceptable through the ridge without
endangering the integrity of the structure.

Faults and Seismicit . - Only a small amount of geologic
mapping was conducted at this site before it was eliminated from
consideration. Mapping showed a narrow sheared serpentine zone
traversing the canyon where the upstream toe of an embankment dam
would be located. In addition, there is a large serpentine body on the
right abutment which passes through the area of the downstream
abutment interface. The relationship of these zones to those at the RM
20.1 site is unknown, and would require extensive mapping to identify.
E.C. Marliave (2) reported that the river at this site follows a wide
shear zone up to 200 feet in width. He also noted the presence of a
small fault exposed in the old railroad cut on the right abutment at
approximately elevation 750 feet. In addition, numerous shear zones
were noted in various places. Although no faults were found during the
mapping of this site, it is in closer proximity to the Salt Creek
lineament than any of the other sites. A site-specific fault
evaluation may be required.

Site Access. - There is presently no access to the left
abutment. Access to the right abutment is limited to Highway 49 which
traverses high on the abutment, and an abandoned narrow gauge railroad
grade low on the abutment.

Site Cleari. - No clearing has been accomplished at this
site. Overburden on the left abutment appears to be relatively thin
with numerous rock outcrops. The right abutment contains areas of
slide material and talus. Drill hole information upstream from the
dam axis indicates up to 150 feet of material would need to be
removed.

Locaticm of Constructio Areas. - Due to the steep canyon
walls, the site provides poor access with a limited work area. The
most feasible spot for a construction area is probably high on the

M-5-26



right abutment in the area of the existing California Parks and

Recreation Department buildings on Highway 49.

River Mile 20.1 Damsite. -

Invest crics. - Explorations for the RM 20.1 site are
extensive and thoroughly investigate all features at the site.
However, the relocation of the dam axis may require additional
explorations but it is expected that these would be minor.

Spillway. - The spillway design for the thin-arch dam would
not be used on any of the alternative concepts proposed by Bechtel.
The concrete dam alternatives have their spillways incorporated into
the face of the dam. An embankment dam would require a stepped
spillway approximately 4,500 feet in length cut through the ridge
which forms the left abutment. Excavation would be primarily in
amphibolite with narrow zones of metasedimentary rock and serpentine.
The downstream end of the spillway would cut the toe of a slide
located on the east side of the canyon at approximately RM 19.5.

Tunnel and Outlet Woris. - The rolled concrete and concrete
gravity alternative concepts could use the existing diversion tunnel
without modification. Construction of an embankment dam would require
modification of the existing tunnel to add approximately 1,400 feet to
the downstream end. The outlet works as conceptualized by Bechtel
would include two conduits in the diversion tunnel, ccmbined with a
tunnel to a hydroelectric generating plant.

Landslides. - Over thirty small to large landslides occurred
during construction of access roads and foundation excavation for the
thin-arch dam. The largest landslide stabilized during construction
is slide 21 (estimated volume 400,000 cubic yards (CY)). Removal and
resloping which included a subsidiary slide 25 (estimated 50,000 CY)
required excavation of 1,080,000 CY. The slide material was removed
and placed as engineered fill in three ravines downstream of the left
abutment. If an embankment dam is constructed at RM 20.1 site,
additional explorations will be needed to determine whether the fill
material in the ravines could be incorporated into the design of the
dam. If tests show that the material is unusable, it will require
removal.

Three known landslides have the potential to cause a hazard to the
alternative dams at this site. One (slide 16) is located just
downstream of the right abutment keyway for the thin-arch dam. Based
on data supplied from drilling and inclinometer readings, this slide
is fairly well delineated at 1.2 million CY. A few hundred cubic
yards of the slide was removed in October 1975 where it sloughed into
one of the contractor's work areas. It would form a portion of the
right abutment foundation of the embankment dam alternative and would
require removal.

Two slides located on opposite sides of the river downstream of RM
19.5 lie outside of the foundation footprint for any of the dam
alternatives, but could cause a hazard for appurtenances for an

* embankment dam. The slide on the left (east) canyon wall is the
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largest in surface area and, as discussed earlier, would be located at
the toe of the spillway for the embankment alternative. In addition,
the downstream portal for the lengthened diversion tunnel would be
located at the toe of the slide. The slide material would require
either removal or slope stabilization by conservative cut-slopes.

Dam Fourdatixm. - As discussed earlier, any additional
explorations needed for construction of a dam at this site are limited
to a few drill holes required to investigate the geologic conditions
of the diversion tunnel extension and spillway alignment for the
emankment dam alternative. It is felt that no additional explorations
would be required for the concrete gravity alternative dams.

Faults adxi Seismicity. - The faults which were identified
and the seismic parameters that were developed for the thin-arch dam,
and later for the CG-3 configuration, would be applicable for the
design of a dam at this site.

Site Access. - Although portions of the approximately 12
miles of access and haul roads built for use during construction of
the thin-arch dam will require repair or replacement, many are still
in use or are usable at the present time.

Site Clearing. - Much of the foundation area for the
alternative dams at the site have already been cleared for
construction of the thin-arch dam and slope stabilization has been
completed. Depending on the configuration of the final alternative dam
design, the amount of clearing of vegetation and overburden will vary.

Location of Clonstrwin Areas. - The construction areas
developed for construction of the thin-arch dam can be used for any
alternative dam at the site.

River Mile 19.2 Lbmsite. -

Investigations. - Investigations for this site include both
exploratory drill holes and trenching. Thirty exploration drill holes
were completed at this site, and approximately 15,000 feet of
exploratory trenches were mapped. No exploration or test tunnels were
excavated and no rock mechanics testing was performed.

Spillway. - The spillway for an enbankment dam constructed
at this site could be located on the right abutment. The bedrock here
is quartz diorite which varies from highly weathered to fresh. For a
small dam, the spillway could be located across a saddle through which
the existing construction road passes. A large dam would require
locating the spillway further up the hill and would result in more
required excavation. Bechtel (47) considered a spillway design which
would be approximately 255 feet wide and 1200 feet long excavated
approximately 120 feet deep into the quartz diorite. If an expandable
dam concept were adopted, raising the embankment would require filling
the spillway of the smaller dam and cc-structing another spillway.
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Diversion Tunnel and Outlet Works. - A diversion tunnel
constructed through the right abutment would pass through serpentine

O in the upstream portion of the tunnel and amphibolite schist on the
downstream end. The need for tunnel support must be assumed in the
serpentine and probably in the amphibolite. Excavation for the
portals is expected to require deep cuts and slope stabilization. A
possible alternative to the right abutment tunnel at this site would
be to extend the existing diversion tunnel an additional 3000+ feet by
means of a conduit. Bechtel conceptualized the outlet works for the
alternative designs as consisting of two 72-inch gated conduits in
a new 33-foot-diameter diversion tunnel for an enbankment dam and two
72-inch-diameter pipes incorporated within the dam for the RCC design.
The outlet works for the RCC dam are similar to those designed by the
USBR for the CG-3 dam at mile 20.1.

Larxnslides. - Exploratory drill holes on the left abutment
revealed the presence of a deep block slide located between the axis
of the dam and Knickerbocker Creek. Excavation to depths of about
120 feet would be required to remove this slide debris from the dam
foundation. In addition, a large, shallow slide is located upstream
of the axis on the left abutment, and a small slide is located
upstream of the axis on the right abutment.

Dam Foundatim. - Preparation of the dam foundation would
include removal of both slides located on the left abutment. One of
these is a deep-seated slide which would require excavation of about
120 feet of slide debris. The foundation material on the left
abutment consists mainly of amphibolite schist with small amounts of
metasediments high on the abutment. The right abutment is underlain
by serpentine and amphibolite schist. Weathering is moderately deep
with open, closely spaced joints, heavy iron oxide staining, and
disintegration to an average depth of approximately 30 feet with a
maximum depth of 50 feet. The rock is cut with numerous structures
including small faults, shear zones, dikes, quartz veins, and variable
joint patterns. Excavation of approximately 30 feet on the abutments
and 15 feet in the river channel would be required in the cut-off
portion of an embankment dam. An average excavation of about 5 feet
would be required over the rest of the foundation.

Foundation grouting for a dam at this site would require a grout
curtain about 200 feet in depth. Moderately high gropt takes are
expected to depths of about 150 feet.

Faults and SedmaCity. - A 5 to 15-foot-wide, near-vertical
fault cuts diagonally across the dam axis in the channel area at RM
19. The fault as mapped by USBR is approximately 3,600 feet long. It
extends north-northwest from the Oregon Bar pluton approximately 2,800
feet to the river channel, where it splays into several shears and
finally disappears under the large landslide on the east side of the
canyon at RM 19.4. The USBR has also mapped a shear on the canyon
wall northwest of the landslide which may be an extension of this
fault. The seismic studies performed for the RM 20.1 site encompass
this area and the results of that study are applicable here also.
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Site Acoess. - The present access to the left abutment
consists of a narrow road with numerous switchbacks which were
originally excavated as exploratory dozer trenches for preconstruction
investigations conducted at the original USBR embankment site.
Portions of the road were washed out during the rains of 1986 and
remain impassable. Access to the right abutment consists of the road
designated on maps as the power plant access road.

Site Clearing. - No clearing has been accomplished at this
site. It is expected that removal of the organic soil and root zone
will require excavation of about 2 feet of material.

Location of Cbnstnxcion Areas. - This site is located in a
narrow portion of the canyon with limited work area. It is expected
that the construction work area used during work at the RM 20.1 site
would provide space required.

Cofferdams. - Construction of an embankment dam at this site
would necessitate rebuilding the cofferdam upstream from the site.
Since the site is within the upper reaches of Folsom Lake, a
downstream cofferdam may be needed to protect the construction site
from backwater from the lake.

Knickarbocker Canyon Diversicm. - Diversion of water from
Knickerbocker Canyon will be required for an embankment dam at this
site.. Flows through the canyon would impinge upon the downstream
portion of the embankment.

River Mile 19.0 Damsite. -

Investigations. - Investigations for the site include 30
drill holes and approximately 15,500 feet of exploratory trenches.
The majority of this work was performed outside the immediate area of
the proposed axis for the dam. No explorations were done on the left
abutment for the area downstream from the proposed axis.

Spilway~. - The spillway for a small embankment dam would be
located through the saddle on the right abutment. For a large
embankment dam, the spillway would be located higher on the right
abutment and would require more excavation to build. Both sites would
be founded on quartz diorite which is variably weathered. The average
depth to firm rock is 40 feet. A large quantity of the material which
would be excavated from the spillway would be usable in an embankment
dam. An expandable embankment dam at this site would require filling
of the spillway for the smaller dam and construction of a new spillway
like that required at RM 19.2.

TUnnel and Outlet Works. - The diversion tunnel and outlet
works for an embankment dam at the site would be located through the
right abutment. The upstream portal and several hundred feet of the
upstream end of the tunnel would be founded in serpentine with some
soft talc and/or amphibolite. Excavation for the portal would require
deep cuts and stabilization of the cut-slopes. In the tunnel section,
support must be assumed. The remainder of the tunnel, the downstream
portal, and the outlet works would be founded on granitic rock.
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Support in the granitic portion of the tunnel is assumed for a portion
of its length. In the excavation for the portals, firm rock is

* estimated to be about 25 feet deep and for the outlet works, 50 feet
to fresh rock.

Iandslides. - The known landslide masses associated with
this site are relatively shallow and mostly small in area. The
largest slide is located upstream of the axis on the left abutment.
The right abutment has several small slides, one of which is located
on the axis alignment. Removal of all or parts of these slides would
be required. The materials removed may be partially usable in an
embankment structure.

Dam Fbundation. - Preparation of the dam foundation would
include removal of slide material located within the cutoff area and
any other material within the footprint of the dam necessary to
provide a suitable foundation. On the left abutment, the foundation
rock is primarily amphibolite with minor amounts of metasediments high
on the abutments. The lower portion of the right abutment is
amphibolite and the upper right abutment is quartz diorite. The
contact between these rock types is near the saddle proposed for a
possible spillway location. Weathering is moderately deep with
disintegration to an average depth about 30 feet, excluding areas of
slides. Joints are closely spaced, open, and heavily iron oxide
stained. The rock contains small faults and shears, dikes, quartz
veins, and variable joint patterns. Excavation within the cut-off
portion of an embankment dam would be approximately 30 feet on the
abutments and 15 feet in the river channel. Excavation over the

* remainder of the foundation would average about 5 feet.

Foundation grouting for a dam at this site would require a grout
curtain about 200 feet deep. Moderately high grout takes are expected
to depths of about 150 feet.

Faults and Seismicity. - This site is positioned more nearly
parallel to the regional structure than the other three sites. Two
faults pass through the saddle on the right abutment. No other faults
are known to exist at this site but this does not preclude their
existence. The seismic studies performed for the RM 20.1 site
encompass this area and the results of that study are applicable here
also.

Site Access. - There has been no access development to the
left abutment at this site. Access to the right abutment consists of
the road used for access to the RM 20.1 site, the power plant access
road,and a road on the abutment used for access to the river at Oregon
Bar.

Site Clearng. - No clearing has been done at this site.
Removal of organic soil and the root zone is expected to require
excavation of about 2 feet of material.

klcatimn of Ccmstructim Areas. - Similar to the RM 19.2
site, this site is located in a narrow portion of the canyon with
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limited work area. It is expected that the area at approximately RM
20.0 would provide space needed for construction activities.

Cofferdams. - Construction of an embankment dam at this site
would necessitate building cofferdams on both the upstream and
downstream sides of the construction area. Since the site is within
the upper reaches of Folsom Lake, the downstream cofferdam would be
needed to protect the construction site from backwater from the lake.

K rCanyon Diversion. - A permanent structure for
the diversion of water from Knickerbocker Canyon would be required for
construction of an embankment dam at the RM 19.0 site. It is
expected that diversion of water from the canyon would not be required
if a concrete dam were constructed because the dam would lie
downstream of the mouth of the canyon.
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ADVANTGES AND DISADVANTAGES

. River Mile 22.1 Damsite

1. Requires the least amount of construction materials of the four
sites.

2. Diversion tunnel through left abutment ridge would be straight
and relatively short.

3. Site is closer to the upstream aggregate sources.

4. Spillway on left abutment would be relatively short.

5. No downstream cofferdam required.

1. There is a large landslide on right side of canyon which would
need to be either removed or stabilized.

2. There is no econcmical location for a spillway for a low
embankment dam.

3. A spillway for a large embankment dam would cut the toe of a
large slide on the left canyon wall downstream of the dam. This
would present a possible slope stability problem.

4. The reservoir from a large dam would back up and flood the PCWA's
Oxbow power plant. Also, this reservoir would extend into the
portions of the Upper American River designated as "wild and
scenic".

5. The very steep left abutment would require shaping by drilling
and blasting and make placement of an embankment difficult.

6. There are no access roads on the left abutment, and limited

access to the right abutment.

7. There are few sites for the location of construction facilities.

8. Highway 49 would have to be relocated prior to initiation of
construction.

9. The site would require an extensive exploration program and fault
evaluation for knowledge of foundation conditions. This may
require the reevaluation of seismic parameters due to the
distance from the RM 20.1 seismic studies.

10. The thin ridge which forms the left abutment is comprised of
fractured rock which may require special grouting to prevent
seepage.
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11. Will necessitate restoration of the RM 20.1 site downstream (32).

River Mile 20.1 Damsite

1. Explorations, for the most" paft, have been completed.

2. The geologic conditions are well kno

3. Construction access roads and access facilities presently exist,
although are in' need df repair.

4. Adequate contractoruse areas presently exist.

5. A diversion tunnel was completed for the USBR concrete arch dam
previously designed, however, it may require modification for any
future construction.

6. Seismic studies have been completed.

7. Seismic parameters for fault displacement within the foundation
assigned to the thin-arch' dam previously under construction apply
to any one of the alternative dam designs at this site.

Disdina. -

1. Requires the largest volumeof 'construction materials and
therefore is more costly than other sites.

2. The site for a spillway for a low embankment dam is poor due to
the amount of excavation that would be required on the left
abutment.

3. The upstream cofferdam will need to be rebuilt if an embankment
dam were selected at this site.

4. A landslide on the right abutment would need to be removed if an
embankment dam were chosen.

River Mile 19.2 Damsite

1. The geology and seismicity of the site are fairly well known

2. Previously used constýcuc tion areas fran the RM 20.1 site may be
used at this site.

3. The upstream existing diversion tunnel at the RM 20.1 site can be
utilized.

4. The quartz diorite bedrock would provide a good spillway
foundation.
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5. The dam would require a somewhat smaller volume of construction
material than a dam at RM 20.1 site.

1. Existing diversion tunnel upstream would need to be either
lengthened or a new one built for an embankment dam. If a new
one was built, it would require tunnel supports in the fractured
rock.

2. A downstream cofferdam would be required, except perhaps for an
RCC dam.

3. A spillway located on the right abutment would require a large
excavation.

4. An embankment dam alternative would require a diversion facility
for stream flows from Knickerbocker Canyon.

5. Much additional explorations would be required.

6. A deep landslide on the left abutment would need to be removed.

7. Serpentine bedrock in the right abutment could present stability
problems during construction.

8. No site-specific fault studies have been performed.

O 9. The proposed powerplant may be inundated by Folsom Lake.

River Mile 19.0 [waite. -

1. A dam at this site would require a smaller volume of construction
material than a dam at the RM 20.1 site.

2. A relatively short diversion tunnel would be required for an
embankment dam.

3. Quartz diorite bedrock in the right abutment would provide good
tunnel material requiring a minimal amount of tunnel support if a
concept other than RCC were chosen.

4. The spillway for an embankment dam would be founded largely in
the quartz diorite of the Oregon Bar pluton which would provide
good foundation conditions.

5. The construction areas developed for the RM 20.1 site may be used
at this site.

M
M-5-35



1. The site would require the construction of a new diversion
tunnel.

2. A downstream cofferdam would be required, except perhaps for an
RCC dam.

3. A spillway on the right abutment for an embankment dam would
require a large excavation.

4. An embankment alternative would require a diversion facility for
stream flows from Knickerbocker Canyon.

5. The site would require an extensive exploration program for
knowledge of foundation conditions.

6. Site-specific fault studies would be required in the foundation

area.

7. There is no existing access to the left abutment area.

8. The proposed powerplant may be inundated by Folsom Lake.
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. Na MIiCN aInXd W

River Mile 22.1 Damsite

Recommend the RM 22.1 site be eliminated from further
consideration.

River Mile 20.1 Damsite

In the opinion of the Geology Section the RM 20.1 site should be
considered the most feasible damsite for construction if time
restraints become the deciding factor for site determination.

According to the USBR reports, this site was considered to be the
most feasible in overall cost because of the extensive surface and
subsurface explorations and testing completed, the existing in-place
facilities, knowledge of foundation conditions, and the minimal
foundation preparation required. A dominant factor in the decision to
build a dam at this site over any of the other sites is the amount of
time to be saved by utilizing the existing information and foundation
work that has already been completed. The geology at the site has
been investigated to the extent that only minor amounts of
explorations would be needed prior to the initiation of construction.

Mr. Wendel Carlson (retired former Auburn Dam Project Geologist,
USBR) estimated that a savings of 18 to 24 months could realized by
constructing a dam at RM 20.1 as opposed to 19.0.

S River Mile 19.2 Damsite

Recommend the RM 19.2 site be eliminated from further
consideration.

River Mile 19.0 Damsite

The RM 19.0 site should not be eliminated from consideration
unless completion time beccmes the deciding factor on selection of a
damsite.
At this time there is insufficient geologic information about the site
to determine whether it is more or less feasible than the RM 20.1
site.

Based on the USBR estimates, an RCC dam at RM 19.0 would require
approximately 30 percent less concrete for construction than an RCC
dam of similar height at RM 20.1. But, as pointed out by Mr. Carlson,
geologist for the USBR (37), the amount of excavation which would be
required to prepare the RM 19.0 site reduces the cost advantage to
about 25 percent lower cost for an RCC dam at RM 19.0. Adding the
cost of site preparation, construction of access roads, and a
diversion tunnel to consideration of the RM 19.0 site reduces the cost
savings of the RM 19.0 site to about 5 percent or approximately $47
million in 1986 dollars.
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Geology and Slope Stability Evaluation.

9) U.S. Department of the Interior, Bureau of Reclamation,
1969-1970, Petrographic Examination Memorandum, Auburn Dam.
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10) U.S. Department of the Interior, Bureau of Reclamation, 1972,
Auburn Dam Excavation and Foundation Treatment, Records of
Geologic Investigation, Specifications, No. DC-6975, Part 1 and
2 of 4.

Part 1 - Preconstruction Engineering Geology Report.

Part 2 - (Book A and B) - Records of Geologic Investigations
(Drill Hole Logs).

11) U.S. Department of the Interior, Bureau of Reclamation, 1974,
Excavation and Foundation Treatment, Auburn Dam and Power -
Plant, Specifications, No. DC-7060, Volumes 1 and 2.

12) U.S. Department of the Interior, Bureau of Reclamation,
January 1976, Status of Earthquake Analysis Auburn Dam, CVP,
California.

13) U.S. Department of the Interior, Bureau of Reclamation, Projec
Geology Report, Seismic Evaluation of Auburn Damsite, 1977,
Volumes 1, 2, 3.

Volume 1 - Project Geology Report, Geologic Explanations,
and Geologic Drawings.

Volume 2 - Appendices 1 to 4 and Geologic Drawings

1. Auburn Dam Foundation Investigation, Design and
Construction - Louis R. Frei, 1975, Revised April
1976.

2. Bureau of Reclamation - Fault Classification and
Investigation Criteria for Auburn Damsite
Evaluation, July 1976.

3. Auburn Damsite - Certain Mineralogic and Structural
Features, Richard Merriam, April 5 1977.

4. Mineralization and Structural History of the F-1
Fault Zone - Auburn Damsite - Phillip G. Berhnnan
and Charles Meyer, June 15, 1977.

Volume 3 - Appendices 5 and 6 and Geologic Drawings/Logs.

5. Soil - Geomorphic Investigations, Auburn Dam,
California - Preliminary Phase - Roy J. Shlemn,
Consultant, May 1977.

6. Soil - Geomorphic Investigations, Maidu East Shear
and F-) Fault Zones, Auburn Dam Area, California -
Roy J. Shlemon, Consultant, June 1977.

14) U.S. Department of the Interior, Bureau of Reclamation, 1977,
Project Geology Report, Seismic Evaluation of Auburn Damsite,
Summary Volume.
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15) Woodward-Clyde Consultants , 1977, Earthquake Evaluation of the
Auburn Dam Area, Volumes 1 through 8, (sets 134 and 184 of
200), Consultant Report to U.S. Department of the Interior,
Bureau of Reclamation.

Volume 1 - Sunmary Report.
Volume 2 - Surface Faulting Potential.
Volume 3 - Regional Geology and Tectonics.
Volume 4 - Quaternary Geology and Age Dating.
Volume 5 - Seismology.
Volume 6 - Reservoir Induced Seismicity.
Volume 7 - Maximum Credible Earthquakes.
Volume 8 - Earthquake Ground Motions.

16) U.S. Department of the Interior, Bureau of Reclamation,
1977-1978, Design Analysis of Auburn Dam, Vol 1 to 5.

Volume 1 - Design Data.
Volume 2 - Foundation Studies.
Volume 3 - Static Studies.
Volume 4 - Dynamic Studies.
Volume 4 Appendix - Dynamic Studies.
Volume 4 Supplement - Dynamic Studies.
Volume 5 - Summary and Conclusions.

17) U.S. Department of the Interior, Bureau of Reclamation, 1978,
Seismic Evaluation of Auburn Damsite, Supplenent to Project
Geology Report, Volumes 1 through 6.

Volume 1 - Evaluation of Quaternary Stratigraphic Data for
Assessing Fault Activity, Maidu East Shear Zone,
Auburn Dam Area, California, by Roy J. Shlemon,
April 1978.

Volume 2 - The Geologic and Tectonic History of the Western
Sierra Foothills, A Literature Search, by Lester
Lubetkin, John Baltierra, Robert Basse, David
John, Raul Madrid, May 1978.

Volume 3 - Study of Dike/Fault Intersections, Northwest
Portion of the Auburn Damsite, by David Kent
McMillan and James D. O'Brient, May 1978.

Volume 4 - Analysis of Faulting in the Auburn Damsite, by
Dean Ostenaa and Richard H. Throner under the
supervision of Louis R. Frei, Project
Geologist, June 1978.

Volume 5 - An Evaluation of Tertiary Volcanism Along the
Maidu East Shear Zone Auburn Damsite, by James D.
O'Brient, July 1978.
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Volume 6 - Analysis of Post Latite Dike Faulting Along T-25
in Right Abutment Keyway, Station 5+90 Auburn
Dam, by David Kent McMillian, May 1978.

18) U.S. Department of the Interior, Bureau of Reclamation.
July 1978, Auburn Damsite Seismic Studies Overview, An Overview
Report on the Seismic Investigations.

19) Clough, Ray W., July 1978, Seismic Loading Considerations for
Auburn Dam, Consultant Report to U.S. Department of the
Interior, Bureau of Reclamation.

20) Jahns, Richard H., July 1978, Seismic Loading Considerations
for Auburn Dam, Consultant Report to U.S. Department of the
Interior, Bureau of Reclamation.

21) Johnson, Lane R., July 1978, Seismic Loading Considerations for
Auburn Dam, Consultant Report to U.S. Department of the
Interior, Bureau of Reclamation.

22) Serafim, J. Laginha, July 1978, Seismic Loading Considerations
for Auburn Dam, Auburn Dam Consultant Report to U.S. Department
of the Interior, Bureau of Reclamation.

23) Allen, Clarence R., July 1978, Evaluation of Seismic Hazard at
the Auburn Damsite, California, Auburn Dam Consultant Report to
U.S. Department of the Interior, Bureau of Reclamation.

24) U.S. Department of the Interior, Bureau of Reclamation,
September 1978, Proposed Seismic Loading Parameters for the
Auburn Dams ite.

25) U.S. Department of the Interior, Bureau of Reclamation,
May 1979, Auburn Damsite Seismic Studies Summ , A Summary
Report on the Seismic Investigations Review Conducted for
Auburn Damsite, Seismic Studies Sunmary.

26) U.S. Department of the Interior, Water and Power Resources
Service, (Bureau of Reclamation), May 1980, Auburn Dam
Seismicity and Dam Safety, Supplement No. 2 to Final
Environmental Statement.

27) U.S. Department of the Interior, Water and Power Resources
Service (Bureau of Reclamation), August 1980, Feasibility
Design Sunmmary - Auburn Dam Rockfill Dam Alternative with 400
MW Underground Powerplant.

28) U.S. Department of the Interior, Water and Power Resources
Service (Bureau of Reclamation), August 1980, Feasibility
Design Summary - Auburn Dam Concrete Curved - Gravity Dam
Alternative (CG-3) with 800 MW Integral Powerplant.
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29) U.S. Department of the Interior, Bureau of Reclamation,
December 30, 1980, Seismic Safety and Auburn Dam, A Chronology
of Events Relating to Earthquake Evaluation Studies of Auburn
Damsite.

30) Sierra Geophysics, August 1982, Pilot Study to Evaluate the
Timing of Faulting on F-I at the Auburn Damsite by Application
of Paleanacanetic Methods, Report to U.S. Department of the
Interior, Bureau of Reclamation

31) Bechtel National Inc., December 6, 1985, Technical Memorandum
to, D.G. Houston, U.S. Department of the Interior, Bureau of
Reclamation, Subject: Allowances For Geotechnical
Investigations at Various Auburn Damsites.

32) U.S. Department of the Interior, Bureau of Reclamation,
January 1986, Evaluation of Auburn Dam Reformulation and
Bechtel Report.

33) U.S. Department of the Interior, Bureau of Reclamation,
December 20, 1985, Technical Memorandum to Regional Director,
from Project Superintendent, Subject: Comments Conserning
Bechtel National Inc., Report on "Final Report on the
Evaluation of Auburn Dam Project".

34) U.S. Department of the Interior, Bureau of Reclamation,
January 3, 1986, Technical Memorandum to Chief of Planning,
from Chief of Energy Resources, Subject: Review of Bechtel's
Final Report Regarding Analysis of Auburn Dam".

35) U.S. Department of the Interior, Bureau of Reclamation,
January 7, 1986, Technical Memorandum to Jim Denney, from
Wendel Carlson, Subject: Review of Bechtel's Final Report on
the Evaluation of the Auburn Damsite".

36) U.S. Department of the Interior, Bureau of Reclamation,
January 1986, Technical Memorandum to Chief Division of
Planning and Technical Services, from Regional Supervisor of
Water and Power Resources Management, Subject: Review of
Bechtel's Final Report Recgarding Analysis of Auburn Dam".

37) U.S. Department of the Interior, Bureau of Reclamation,
June 18, 1986, Technical Memorandum to MP-740 and MP-760, from
Wendel Carlson, Subject: Auburn Dam Evaluation.

38) U.S. Department of the Interior, Bureau of Reclamation,
July 29, 1986, Technical Memorandum to Jim Denney, from Wendel
Carlson, Subject: Auburn Dam - Alternatives.

39) Engineers International, March 31, 1987, Interim Construction
Report on Auburn Dam. Volumes I & II, Consultant Report to
U.S. Department of the Interior, Bureau' of Reclamation.

40) U.S. Department of the Interior, Bureau of Reclamation,
July 1987, Auburn Dam Report - Auburn Dam Alternative Study.
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41) U.S. Department of the Interior, Bureau of Reclamation,
August 1987, Seismic Safety and Auburn Dam - A Chronology of
Events Relating to Earthquake Evaluation Studies of Auburn Dam.

42) U.S. Department of the Interior, Bureau of Reclamation, 1979,
Prolect Materials Report, Borrow Area 3000.

California Deparbomet of Water Beses

43) California Department of Water Resources, Bulletin 24, 1929,
A Proposed Major Develomient on the American River, pages
175-190.

44) California Department of Water Resources, Division of Safety of
Dams, May 1, 1977, First Progress Report - Auburn Dam Seismic
Safety Review.

45) California Department of Water Resources, Division of Safety of
Dams, September 1, 1977, Second Progress Report - Auburn Dam
Seismic Safety Review.

46) California Department of Water Resources, Division of Safety of
Dams, February 1, 1978, Third Progress Report - Auburn Dam
Seismic Safety Review.

47) Auburn Dam Consulting Board, December 23, 1978, Technical
Memorandum to the Chief of Division of Safety of Dams,
California Department of Water Resources, Subject: Response to
Seismic Loading Parameters for Auburn Dam.

48) Bechtel National, Inc., November 1985, Final Report on the
Evaluation of the Auburn Dam Project, Consultant Report to
California Department of Water Resources.

49) Kennedy David, N., Consultant, December 28, 1987, Technical
Memorandum to, E.W. Stroppini, Department of Water Resources,
Subject: Independent Evaluation of Design Aspects of Various
Dams Proposed - Auburn Dam.

United States GeoloiWca

50) U.S. Department of Interior, Geologic Survey, 1978, Technical
Review of Earthquake Evaluation Studies of the Auburn Dam Area
(Woodward-Clyde Consultants, 1977).
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Califronia Division of Mines and Geology

51) California Division of Mines and Geology, Special Publication
54, 1979, Technical Review of th6 Seismic Safety of the Auburn
Damsite.

52) California Division of Mines and Geology, Special Report 141,
1980, Fault Features in Soils of the Mehrten Formation Auburn
Damsite, California.

53) California Division of Mines and Geology, Special Report 149,
1980, Paleosoils Overlying the Foothills Fault System Near
Auburn, California.

54) Bennett, John H., August 1978, Foothills Fault System and the
Auburn Dam; California Geology.

55) Bennett, John H., August 1978, Crustal Movement on the
Foothills Fault Syst; California Geology.

56) Cramer, C., Thppozada, T., and Parke, D., August 1978,
Seismicity of the Foothills Fault System between Folsom and
Oroville, California; California Geology.

57) California Division of Mines and Geology, February 23, 1979,
Technical Memorandum to Director, Department of Conservation,
Subject: Summnary Reconmendations Regarding Earthquake Hazard
Design Parameters for the Proposed Auburn Dam.
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APPDINX M--5-A

S F•XN)TIE •~'.L AT THIE R1 20.1 DAMSI'

In the initial phases of design, the lack of test data required
the designers to assume that bedrock at the site was a homogeneous
isotropic rock mass. They started design work by considering a
uniform value for the modulus of deformation of 2,500,000 lb/in2

throughout the foundation.

Intermediate geologic and laboratory examination of the rock from
the foundation indicated the deformation nmdulus was nonhomogeneous
across the site. The interim moduli listed in the following table
assumes the modulus is isotropic.

Elevation Left Abutment Right Abutment
ft (M) (10 6 1b/in2 ) (10 61b/in2 )

1135 (345) 1.80 2.00
1050 (320) 1.80 2.00

950 (290) 1.80 2.00
900 (275) 2.15 1.75
850 (260) 2.50 1.50
750 (230) 2.50 3.00
650 (200) 3.00 3.40
550 (170) 3.00 3.80
485 (150) 3.00 3.80
460 (140) 2.50 2.50
450 (135) 2.50 2.50

The following tables show the average deformation moduli from the
in-situ radial and uniaxial jacking tests performed in the tunnels
excavated in the foundation for the thin-arch dam at the RM 20.1
site. It should be noted that the testing was done only on the
metasedimentary and metavolcanic rock types in the foundation. Quartz
diorite, which comprises the right abutment of the RM 19.0 and 19.2
sites is not present at the RM 20.1 site, and therefore the
foundation properties of that type of rock are not known.

Table 1 shows the average deformation moduli from the three
in-situ radial jacking tests, and Table 2 shows actual deformation
values obtained from the in-situ uniaxial jacking tests.
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m OELI F IN-SIMU RADIAL JAC2M PIS

Rock Type Tested Average Deformation Modulus (lb/in2 )
1.5 to 20.0-foot depth 0 to 1.5- foot depth

Metasedimentary
rock 3.86 X 106  2.81 X 106

Slightly weathered
amphibolite 1.79 X 106 1.75 X 106

Anphibolite with
metagabbro 10.02 X 106 7.60 X 106
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WL 2

RESULTS CF IN-SITU THEAXIAL JACXfl TE1ST
•22

Test No. Rock type tested Deformation modulus (lb/in2 ) Remarks

Anchor 1 to anchor 7 Anchor I to sensor head

UIA1-1 Fresh talc schist 2.04 X 106 1.35 X 106

UIA1-2 Fresh talc schist 1.65 X 106  0.91 X 106

U1A3-2 Lightly weathered meta- 0.49 X 106 0.52 X 106  Maximum load to

sediment 600 lb/in2

UIA4-2 Amphibolite 2.37 X 106  2.19 X 106

U1I1-1 Metasediment 0.86 X 106 0.74 X 106

U1B1-2 Metasediment 0.84 X 106 0.42 X 106

U1B2-1 Chlorite schist and meta- 0.20 X 106 0.17 X 106

sediment

UIB2-2 Chlorite schist and meta- 0.33 X 106  0.32 X 106

sediment

U2B1-1 Amphibolite and dike 8.09 X 106 4.71 X 106

U281-2 Metagabbro 10.52 X 106  9.31 X 106

U2C1-1 Amphibolite * 6.50 X 106 *Defect in concrete pad

prevented calculation
U2C1-2 Amphibolite with 4.80 X 106 4.12 X 106

metagabbro

U2C3-1 Amphibolite 9.20 X 106 6.15 X 106

U2C3-2 Amphibolite 12.33 X 106  1.41 X 106

U3A1-1 Talcose serpentine 2.13 X 106  1.07 X 106

U3A1-2 Talcose serpentine 1.54 X 106  1.59 X 106

U3A2-1 Metasediment * 2.64 X 106 *Malfunction of anchor 7

LU3A2-2 Metasediment 3.57 X 06  1.99 X

U4A2-1 Foliated amphibolite C 1.81 X 106  1.21 X 106

U4A2-2 Foliated amphibolite C 2.82 X 106 1.19 X 106

U4B1-1 Fresh amphibolite C 19.18 X 106 5.93 X 106

U4B1-2 Fresh amphibolite C 7.03 X 106  3.98 X 106
U4B2-1 Fresh amphibolite C 5.53 X 106  5.27 X 106

U4B2-2 Fresh amphibolite C 7.00 X 106 2.03 X 106

U5A1l-1 Lightly weathered 1.27 X 106  1.66 X 106

amphibolite C

U5A1-2 Fresh amphibolite C 1.33 X 106 1.34 X 106

U5A2-1 Weathered amphibolite 3.41 X 10 2.32 X 106  The foundation in the

test area had been

grouted prior to the

test.
U5B1-1 Fresh amphibolite B 6.24 X 106  4.34 X 106

and C
U5B1-2 Amphibolite C 3.25 X 106 3.37 X 10 6

U5B2-1 Chlorite schist C 4.16 X 106 0.95 X 106

U5B2-2 Chlorite schist C 4.13 X 106 0.95 X 106

U6-L Serpentine 5.00 X 106 4.03 X 106

U6-R Serpentine 5.57 X 106  2.60 X 106

Note: The letter designation following some rock types denote rock of

differing composition.
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The USBR also conducted in-situ plate gouge tests to determine the
modulus of deformation across nine of the F-zones and T-zones
encountered in the tunnels. The following table shows the results frcn
that testing procedure.

TNMEZ 3

IaM CF IN-SrTU PLA GOUGE CS'I

Test No. Fault,shear, Maximum Load Deformation modulus Remarks
or talc zone Lb/in2  -b/in 2

1-10+12 F-17 1,000 39,700 F-17 is a sheared dike,highly

1-10+12 F-17 1,000 136,200 fractured and contains gouge.

1B-3+04 F-16 1,000 62,000 F-16 is a shear containing gouge

IB-3+04 F-16 1,000 46,400 coated tack, chlorite schist B,
and chlorite schist C fragments.

2-8+57 F-8 800 424,500 F-8 is a shear in chlorite schist

2-8+57 F-8 800 268,400 C; shear is highLy fractured

and contains gouge.

3B-2+90 F-1 1,000 5,300 F-i at this location is a moist

3B-2+90 F-i 1,000 10,700 gouge with chlorite schist

38-2+90 F-I 1,000 40,300 fragments.

4-6+75 F-I 1,000 136,400 F-i at this Location is a zoned

4-6+75 F-I 1,000 126,600 fault containing quartz and

4-6+75 F-i 1,000 191,000 calcite healing, and gouge seams.

4B-2+40 T-6 600 44,600 T-6 is a talc-serpentine zone
48-2+40 T-6 600 44,600 having a shear containing moist

48-2+40 T-6 600 115,500 talc fragments and gouge.

5-9+30 T-3 1,000 12,100 T-3 is a taLc zone containing a

5-9+30 T-3 1,000 1,460 shear with gouge and talc schist

fragments.

5A-2+79 F-1 800 55,700 F-i at this Location contains

5A-2+79 F-I 800 22,400 shears with gouge and broken

5A-2+79 F-1 800 36,500 slickensided chlorite schist C

and B fragments.

5B-4+15 F-I 1,000 91,900 F-i at this location contains

58-4+15 F-i 1,000 100,200 shears with gouge and chlorite

0
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Figure 1 taken frmn USBR's Desgin and Analysis of Auburn Dam report
(16) shows the final multidirectional deformation moduli of the
foundation rock across the foundation. They used these values in
their Arch Dam Stress Analysis System (ADSAS) ccaputer program to
analyze the final design. That program utilizes a matrix solution in
arriving at the proper division of load between vertical and
horizontal elements.

Poisson's Ratio. For design purposes, the Poisson's ratio for all
foundation rock is assumed to be 0.20.

Allowable Compressive Stress. The allowable compressive stress on the
foundation rock was reported to be 1000 lb/in2 .

M
M4-5-51



0OL-2-U
0

C)*

-JoCV C\;

0L gg 60% cc ~ cQ25
cLL- 

I

a:, 
Q~t Ina:

C5 JUJ Q

U-

0-ý -LL.

-CI

o ~ CLC C)

CQ~~- -J_ s
-0 

-j'1

Tsa ~ ~ ~ ~ ~ c 9&if~f ~ ~ __

a!)L0 
Lu 0

C) 0990 FIGURE



APPENDIX M-5-B

AUBURN DAM - GEX -flHNCAL, I~VJIAX AND DES IGN( RWEE'IF2J

UNITED STATES DEPARTMENT OF THE INTERIOR
BUREAU OF RECLAMATION (USBR)

REFERENCES

Reference Location in
Sacramento

USBR USCE CDMG DWR!SOD

1. Auburn Damsite - Preliminary Geologic Tech. Tech. - Item 103
, 1942, USBR. Files Files

2. Memorandum on Auburn Damsite, Tech. Tech. - Ref.
February 19,1946, USBR. Files Files Files

3. Memorandum to Geology Files: Tech. Tech. -

Construction Materials for Rock-Fill Files Files
Dams on Lower American River, August
1955, USBR.

4. Memorandum to Geology Files: Tech. Tech. -

Earth Embankment Construction Files Files
Materials Reconnaissance for Robie
Damsite (Mile 20.5) - American River
Basin Investigations, April 1955, USBR.

5. Auburn Damsite - Engineering Geology, Tech. Tech.
1957, USBR. Files Files

6. Auburn Damsite - Data on Resistivityv Tech. -

Investigations, 1957, USBR. Files

7. Auburn Damsite - Laboratory Test Tech. -

Data, (Bound Volume of Data), 1957, Files
USBR.

8. Auburn Damsite - Engineering Geology 510.00 -

A November 1957, USBR. AB97
7514 &
7515

9. Interim Report - Auburn Unit American 500.02
River Division, Central Valley AB97
Project, April 1958, USBR. 7478 &

7479
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USi3R Unit CDMG RWRvi5. -
10. Auburn Unit American River Division 500.00 -

Central Valley Project Power Apendix, C397
May 1958, USER. 7508 &

7509

11. Auburn Unit Central Valley Project 500.00 -

Design Criteria and Cost Estimates, C397
May 1958, USBR. 7505 &

7506

12. Auburn Unit American River Division 500.00 -
Control Valley Project Hydrology C397
A May 1958, USBR. 7510 &

7511

13. Laboratory Tests on Embankment 183.01 -

Materials Proposed for Auburn Dam, E12
August 1958, USER. 10856

14. Report on the Feasibility of Water 500.02 - .
Supply Development, Auburn Unit, AB97
December 1958, USBR. 7479

15. Auburn - Folscm South Units Central 500.07 -
Valley Project, October 1959, USBR. C397

7093

16. Report on the Feasibility of Water 500.02 - -

Supply Development, Auburn Unit, AB97
January 1960, USBR. 7482

17. Power Appendix Auburn Unit Including 500.02 - -

Folscan Unit, January 1960, USER. AB97
11658

18. Auburn - Folscn South Unit, Forest 500.00 - -

Hill Divide Area Design and Cost C397
Estimates Appendix, July 1961, USER. 7500

19. Folsor - Malby Area Design and Cost 500.00 - -

Estimates, Auburn - Folsan South Unit, C397
July 1961, USER. 7488

20. Forest Hill Divide and Folsan - Malby 500.02 -
Areas Auburn - Folsan South Unit - F717
Supplemental Reports on the 11648
Feasibility, August 1961, USER.

21. Forest Hill Divide Area, Auburn - 500.02 -
Folsom South Unit, (Feasibility F717
Reports), October 1961, USER. 11659
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USBR USCE CDMQ DWR/SOD
22. Folsom - Malby Area, Auburn - Folsom 500.02 - --

South , (Pre-feasibility Reports), AB97
October 1961, USBR. 11660

23. Auburn - Folsom South Unit, American 500.02 -

River Division, Central Valley AB97
Project, (Feasibility and Hydrology), 7489
December 1961, USBR.

24. Addendum to Design Criteria and Cost Tech. -

Estimate Appendix (1959), 1962, USBR. Files

25. Auburn - Folsom South Unit, Design 500.02 -

Criteria and Cost Estimate Appendix, AB97
December 1962, USBR. 8289

26. Addendum to Engineering Geology 510.00 Tech.
Report (1957) Auburn Damsite, AB97 Files
December 1962, USBR. 7516 &

7517

27. Memorandum to Geology Files: Tech. Tech.
Construction Materials - Auburn Dam, Files Files
September 1962, USBR.

28. Supplemental Evaluation of the Auburn 500.02
- Folsom South Unit, March 1963, USBR. AB97

7481,
7482, &
7483

29. Auburn Reservoir - Robie Area (Mile Tech. Tech.
20.5) - Geology and Slope Stability Files Files
Evaluation, April 1966.

30. Intervolcanic Gravels as Potential Tech. - -

Embankment Materials - Auburn Dam, Files
1966, USBR.

31. Auburn Reservoir - Robie Point Area Tech.
Geology and Slope Stability, 1966, Files
USBR.

32. Geophysical Report on Auburn Dam Tech. -

Reservoir, 1967, Engineering Files
Geophysics, USBR.

33. Auburn Dam and Reservoir Petrographic Tech.
Data, 1967, USBR. Files

34. Auburn Dam Sediment Study, September 510.00
1967, USBR. AB97

7001
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USBR USCE CDMG DWR!SOD
35. Petrographic Examination Data Tech. Tech. - Item

Memorandum, Auburn Dam, 1969-1970, Files Files 15, 15a
USBR.

36. Soils Test Data Memorandum - Auburn Item 15c
pam, 1969-1970, USBR.

37. Rock Core Test Data Memorandum, Tech. - - Item 15b
Auburn Dam, 1969-1970, USBR. Files

38. Foundation Testing for Auburn Dam, Tech. - - Item 108
1969, USBR. Files

39. Replacement Alternative Upstream Road 511.00 - -

System Auburn Reservoir Auburn - AB97
Folsom South Unit, June 1970, USBR. 7494

40. Records of Geologic Investigations Tech. - -

For Auburn Dam Diversion Tunnel, Part Files
1, 2 and 3, Specifications No. DC-6877,
February 1971, USBR.

41. Auburn Dam Environmental Impact Study,
August 1971, Kennedy Engineers,
Consultant Report to USBR.

Volume 1 - Introduction and 510.00
Su AB97

7200 &
7206

Volume 2 - Baseline Environmental 510.00
Study. AB97

7201 &
7207

Volume 3 - Land Use and 510.00 -

Circulation Recommendations. AB97
7202 &
7208

Volume 4 - Environmental Impacts. 510.00
AB97
7203

Volume 5 - Implementation. 510.00
AB97
7204 &
7209

Volume 6 - Reference Contracts 510.00
and Bibliography. AB97

7205
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USBR USCE CDIV DWR/SOD

* 42. Construction Geology Report on the Tech. - -

Auburn Dam Diversion Tunnel, 1972, Files
USBR.

43. Excavation and Foundation Treatment, Spec. Tech. - Item 12,
Auburn Dam and Power Plant, Files Files 13
Specification No. DC-7060, Volume 1
and 2, 1972, USBR.

44. Amendment to the Final Environmental 120.01 -
Statement and Supplement on Auburn R299
Folsom South Unit, January 1972, USBR. 3622

45. Auburn - Folsom South Unit Central 120.01 -
Valley Project, November 1972, USBR. R299

8287

46. Auburn - Folscm South Unit, Auburn Tech. - Tech.
Dam, Reservoir, Powerplant, and Files Files
Folsom South Canal Environmental
Statement, November 1972, USBR.

47. Method For Estimating Design Tech. -

Earthquake Rock Motions - Auburn Files
Dam, November 1972, USBR.

* 48. Annual Project History Central Valley 191.00 -
Project, (Part 3 1971), November 1972 C397

USBR. 4616

49. Auburn -Folsom South Unit Central 120.01 -
Valley Project, November 1972, USBR.

50. Auburn Dam Excavation and Foundation
Treatment, Records of Geologic
Investigations, Specifications No.
DC-6975, Part 1 ,2, 3, and 4, 1972,
USBR.

Part I - Preconstruction Tech. Tech. Tech. Item 14
Engineering Geology Report. Files Files Files

Part 2 - Records of Geologic Tech. Tech. - Item 14a,
Investigations (Book A & B) Drill Files Files 14b
Hole togs).

Part 3 - ? Item 14c,
(Books 1, 2, 3, and 4) 14d, 14e,

14f

Part 4 - ? Item 14g,
(Books 1 and 2) 14h
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USBR USCE CDMG DWR/SOD
51. Auburn Dam Excavation and Foundation

Treatment (Design Test and Drawings),
Specifications No. DC-6975, Volume 1
and 2.

Volume 1 - (Design Text)

Volume 2 - Design Drawings Tech. -

Files

52. Annual Project History Central Valley 191.00 -

Project, (part 3 1972), November 1973, C397
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1975, USBR.

61. Auburn -'Folsom South Unit Design and 500.00 -
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68. Foundation Analysis of the Auburn - - - Item 19,
Damsite, 1977 ?, USBR. 73

69. Deformation Moduli Determined by - - - Item 20
Joint Shear Index and Shear
Catalog, 1977 ?, USBR.
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Studies. AB97 Files Files
11953

Volume 4 - Supplement - namic 510.00 Tech. Tech. -
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Evaluatiion of Auburn Damsite, August AB97
1977, USBR. 12335
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IXJAI COMPACTED CONCRETE DM CONSIRATIO•

ADTIHOITY

This report is conducted under the authority of the Flood Control
Act of 1962 (Public Law 87-874, dated October 23, 1962), and the 1987
Appropriations Act which directed the Corps to "engage in a one-year
reconnaissance study of alternative means of flood control in the
American River, California". This report was prepared by Materials
Section, Geotechnical Branch.

PURPOSE

This report is intended to provide information on concrete
materials, material properties, and design and construction
considerations for a gravity dam near Auburn, California, on the North
Fork of the American River. The sites initially evaluated include the
mile 19.0, 19.2, 20.1, and 22.1 sites. The focus of this study was
concentrated on the 20.1 site, the selected site for the dam
alternatives, with a straight gravity dam and a reservoir capacity of
570,000 acre feet. Other alternatives with different storage
capacities will be investigated. However, discussions for other sizes
would be similar to discussions for the 570,000 acre feet size. Because
other concurrent studies have focused on the 19.0 site as well, that
site has been discussed in some detail in this report. This information
will be used for preliminary structural analysis and cost estimating of
the concrete alternatives evaluated in this feasibility study.

SOPE

Since roller compacted concrete (RCC) has become the primary
method of construction for all mass concrete gravity dams worldwide,
this report will consider only a gravity dam constructed with RCC. RCC
provides a concrete mass structure essentially identical to a
conventional dam, and at far less cost. This report begins by providing
a historical background of roller compacted concrete (RCC) dams. It
then presents preliminary design considerations for an RCC gravity dam.
An analysis of aggregate availability and evaluation of concrete
properties for design follows. Then there is a discussion of RCC dam
construction, and an analysis of some advantages of an RCC dam and
expandability of RCC dams. Finally, a discussion of future effort for
design of an RCC dam at Auburn is included.

PR IDCATION AND BACHQ•GEND

The Auburn Dam project is located in northern California, on the
North Fork of the American River, just east of Auburn, California. The
dam sites being considered in this report are shown on Plate 1. The
background of damsite selection by the US Bureau of Reclamation (USBR)
and others is addressed in the "Geologic Review of Alternative Damsites
- Auburn Dam Project"', prepared by Geology Section, Geotechnical
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Branch. The following is a brief discussion of the recent developments

related to concrete gravity dam proposals for an Auburn damsite.

UER OG-3 Feasibility Report

Following the Oroville earthquake and subsequent re-analysis of
the Auburn Dam Project, two new Feasibility Design Summaries were
prepared by the USBR, one for a rockfill dam and one for a curved
concrete gravity dam, both at the 20.1 site. The curved concrete
gravity dam, called CG-3, was discussed in the August 1980 Feasibility
Design Sunmary for Auburn Dam2. This report discussed geology and
seismicity of the site and dam, concrete dam considerations, foundation
preparation and grouting, spillway structures, and outlet and power
works. This dam concept was basically a conventional concrete gravity
dam that followed the footprint of the completed foundation preparation
of the USBR arch dam design. The concrete in the dam was zoned by
strength criteria from 3000 psi to 8000 psi, and had substantial
amounts of very high strength concrete in the structure. The upstream
face of this dam was vertical, and the downstream face was a constant
slope at 0.68H:IV. The volume of concrete in the dam was approximately
9,700,000 cubic yards. Detailed seismic design analysis, including
fault displacement, was described in this report.

Bechtel Evaluation of Auburn Dam Project

At the request of the California Department of Water Resources,
Bechtel National, Inc., completed an evaluation of the Auburn Dam
Project in November 19853. This document covered a wide range of
subjects relating to Auburn Dam, including several types of
multi-purpose dams at four sites. The sites studied included the 20.1,
19.0, 19.2, and the 22.1 mile sites. The types of dams studied included
rockfill, rockfill with concrete face, conventional concrete and RCC
gravity. Cost analysis of the alternatives was the emphasis of this
document. No structural analysis was performed in this investigation.
Bechtel found the RCC gravity dam to be the least costly option, even
though they used a very conservative section. Bechtel also discussed
relocation of Highway 49 away from a concrete dam crest, and
reconmnended further study of several dam and site combinations.

USHR Evaluatinn of Bechtel Report

USBR provided a response on a number of issues to the Bechtel
Report in their report entitled "Evaluation of Auburn Dam Reformulation
and Bechtel Report'. This included discussion of several damsites and
dam types studied by Bechtel, staging (i.e., flood control dam expanded
later to a multi-purpose dam), Highway 49 relocation, power aspects,
and related issues. USBR disagreed with several of Bechtel's
assumptions on RCC, including cost and placement rate. Information from
various technical publications has shown that the low costs cited by
Bechtel for RCC are accurate, and that very high placement rates are
practicable. The USBR recommended a few changes to the RCC details,
but agreed with the general concept as feasible. The USBR also provided
a discussion of the advantages and disadvantages of each damsite.
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HISTORCAL OFSPEC'fIVE ROC FOR [DMS

In order to provide additional insight into RCC for those not
* fully acquainted with this technology, a discussion follows on what RCC

is, how it developed, some recent RCC dams, and RCC dams currently
being designed and constructed.

Wmat is Roller Compacted Concrete

The American Concrete Institute (ACI) Committee 207 Report on
Roller Compacted Mass Concrete5 defines "roller compaction" and "roller
compacted concrete" as follows:

0 "Roller compaction: A process for compacting concrete using a
roller, often a vibrating roller."

"Roller compacted concrete: Concrete compacted by roller
compaction; concrete that in its unhardened state will support a roller
while being compacted."

An important part of this definition is that RCC is concrete. RCC is
not soil cement, nor is it a low quality concrete. RCC is merely
concrete placed in an unconventional manner. The properties and design
of RCC for mass concrete are similar to what was considered
conventional mass concrete. RCC can now be considered the primary
method for placing mass concrete for dams, since the majority of
concrete dams are now being constructed with roller compaction.

Origins of Roller Compaced Ccrete

Although the early origins of RCC are difficult to track
precisely, at least two pavements are known to have been constructed
with RCC in the 1940's. "RCC was developed as a result of efforts to
design more economical concrete dams that could be constructed
rapidly"5 . The beginning of RCC for mass concrete is usually marked by
a paper presented by Raphael at the Rapid Construction of Concrete Dams
Conference in 1970, entitled "The Optimum Gravity Dam"6, which
presented the concept of using earthmoving equipment to place a
cement-enriched embankment material for mass dams. Following this
development, a number of public agencies and private industry began
study, testing, design and construction of projects involving what was
called "rollcrete" at that time.

In 1972, Cannon and the Tennessee Valley Authority (TVA) built a
test section of RCC at Tims Ford Dam, and USACE constructed test
sections at WES and at Lost Creek Dam, Oregon.

From 1974 to 1982, over 3.3 million cubic yards of RCC were used
at Tarbela Dam, Pakistan, for erosion repair of the dam embankment and
spillway erosion repair. In the late 1970's, two RCC projects were
constructed by USACE in Alaska and Washington. USACE also designed
Zintel Canyon Dam as an RCC gravity section during this period, but
lack of funding prevented it's construction.

0
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In 1982, the world's first all RCC dam was constructed at Willow
Creek, Oregon, by USACE. This 169-foot high dam was constructed in less
than 5 months, using more than 430,000 cubic yards of concrete.

Research on RCC in Japan was begun in 1974, culminating in the use
of RCC as the body of Shimajigawa Dam in 1978, and for the foundation
block in Ohkawa Dam in 1979. Use of RCC in several other dams in Japan
has followed, typically using very thick lifts of 27.5 inches or
greater.

In the late 1970's, extensive research in the United Kingdom was
carried out on high flyash content RCC, resulting in test sections and
a full-scale trial. Although this work did not result in dam
construction, the results were used for the design and construction of
Upper Stillwater Dam, Utah, by the USBR. This 296-foot high RCC dam was
completed in 1987, using 1,470,000 cubic yards of concrete.

RCC has also been used for overtopping protection for embankments
and as spillway structures.

Recent Roller Cim±cI Ocxrete Das

"Since these first projects, RCC has rapidly gained popularity and
it has been used in a number of completed structures in Brazil,
Venezuela, France, Australia, and South Africa, as well as in the
United States and Japan"5 . Although Upper Stillwater Dam was an
important development in the progress of RCC for mass concrete, it was
by no means the only recent construction that took place.

From 1984 to 1986, a number of small to moderate height RCC dams 0
were constructed in the United States, using a variety of technologies
for seepage control, lift bonding, and construction. These include
Winchester Dam, Middle Fork Dam, Galesville Dam, Monksville Dam,
Grindstone Canyon Dam, Stagecoach Dam and others. During this same
time, RCC was used very successfully on several projects for
rehabilitation of existing embankment and concrete dams and spillways.

RCC construction by USACE of Elk Creek Dam, Oregon, began in 1986
and continued in 1987 until construction was interrupted for
environmental reasons. This 249-foot high dam is considered the current
model for RCC design and construction by USACE.

Current ROC Dams Under Design or Constuction

"As with conventional concrete, there does not appear to be a
limit to the size of structure that can be designed and built with
RCC" 5 . Some of the recent RCC high dam projects include:

High RO Dams ight (f) Status
Tamagawa, Japan 338 Highest completed to date
Bakaigawa, Japan 377 Under construction
Gatssan, Japan 410 Under construction
Miyagase, Japan 509 Under construction
Jamrani, India 492 Feasibility study completed
Kwan-in-temple, China 344 Feasibility study completed
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CX4Z DAM SECTIONS AND APUTEA STRUCTRES

General Dan ct s and Features

RCC dams can be built to a variety of cross sections, using
several different face slopes. Outlet works, penstocks, spillways,
stilling basins, and control structures can all be incorporated in the
RCC design. Following is a general discussion of how these features can
be designed and constructed.

Upstream and Downstream Slopes. - The upstream face of RCC dams is
most comionly vertical. To construct such a face it must be formed.
The upstream face should be designed to be as total a seepage barrier
as possible. For this reason, recent designs without slipformed faces
have called for a 3-foot wide section of conventional concrete, placed
against the form and integrally vibrated with the RCC. Downstream face
slopes can vary from 0.6-1.0 horizontal to 1.0 vertical. If left
unformed, most RCC mixes will fall to slopes between 0.8 and 1.OH to
1.OV. Steeper face slopes must be formed. This can be done using the
same methods as used for the upstream face, except seepage control is
not critical on the downstream face.

Outlet Works. - The strategy in designing conduits and penstocks
in an RCC dam is to try to minimize interference with the concrete
construction. The conduits themselves are usually made of conventional
cast-in-place or precast concrete and are often constructed in a trench
cut into the foundation rock. A control tower can be built on the

S upstream face and use the dam for support. Stilling basins are usually
constructed with RCC floor slabs and conventional concrete walls.

Galleries. - Galleries can be built into an RCC section to serve
as access to the interior for inspections, a seepage collecter, access
for instrumentation, and a terminal point for drain holes drilled into
the foundation. Galleries and their locations within the dam section
must be considered during a stability analysis. Gallery construction
does decrease the efficiency of RCC construction. Past experience has
shown RCC productivity decreases about 15 percent while constructing
around a gallery.

Spillway. - For RCC dams, the spillway is incorporated into the
structure, eliminating the need for a side channel design. Spillways
can be designed for a variety of capacities, but an added feature of
RCC dams is that they can be designed to overtop since RCC provides
erosion resistance. Spillway designs for past RCC dams have generally
fallen into two categories. The first is the traditional,
smooth-surfaced, ogee profile. The second relies on the development of
a protective turbulent boundary layer at the base of the flow. This
second design has been constructed by building stair steps out of
slipformed concrete elements. This design can eliminate the need for
large baffle blocks. However, this design may be inappropriate for
large spillway flows.

0
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CQH]REE IVUEPIAL AVAILABIIXTY

tqired Quaantities

The amount of concrete and the amount of materials to construct an
RCC dam will vary depending upon the site that is chosen and the final
selected size and design. To formulate a preliminary estimate of
material quantities required the following assumptions were made:
(1) a vertical upstream dam face; (2) a slope of 0.75H to 1.OV on the
downstream face; (3) a dam height of 420 feet; and (4) mixture
proportions similar to those used for Elk Creek Dam, Oregon. Final
quantities required will depend on the plan finally selected and the
M-CACES design. Approximate material quantities required for
comparison to available quantities for flood control structures at the
20.1 site and the 19.0 site are listed below.

SITE 20.1 19.0

CONCRETE (cu.yds) 2,100,000 1,500,000
CEMENT (tons) 130,000 90,000
POZZOLAN (tons) 60,000 50,000
COARSE AGG(cu.yds) 1,120,000 800,000
SAND (cu.yds) 610,000 440,000

NOTE: These quantities are approximate and used only to evaluate
adequacy of investigated aggregate sources. They do not reflect
quantities which will be developed for alternative dam sizes or final
selected plan.

Aggregate Sources

The large amount of aggregate required for this project
necessitates the development of aggregate sources with close proximity
to the project site, to minimize transportation costs.

Locations. - Alluvial aggregate along the Middle Fork of the
American River upstream of the 20.1 site is the closest aggregate to
the project site and contains both coarse and fine aggregate. The
aggregates are predominantly located in bars along the river between
Murderers Bar and Cherokee Bar, as shown in Plate 1. Cherokee Bar is
the farthest from the project site. The distance from Cherokee Bar to
the 20.1 site is approximately 15 miles, along the river. The distance
to the 19.0 site is an additional mile. The river meanders in the
canyon with the aggregate bars located on both sides of the river.

- The USBR conducted explorations of the aggregate
bars as part of their work on Auburn Dam in the late 1960's and
1970's. 7 8 These explorations were conducted to determine depths and
volumes of usable aggregate in each of the bars. The bars varied
widely in volume and depth, with depths from 10 to 80 feet. The total
amount of aggregate in the bars evaluated was approximately 6.9 million
cubic yards, with another approximately 1.0 million cubic yards of
aggregate in the stream channel, for a total of 7.9 million cubic
yards. The proportion of sand in these bars was approximately 31
percent of the pit run material. The usable portion of sand would
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total about 20 percent of the pit run. Additional fine aggregate can
be manufactured through the crushing of coarse aggregate. A cubic yard
of aggregate would yield approximately one cubic yard of concrete.

Om]4it. - Testing by the USBR found the aggregate from the bars
to be reasonably well graded in its native state. The maximum size of
the aggregate was approximately 6 inches, with some oversize material.
The aggregate is hard and sound. The sand had an average specific
gravity of 2.59, and the absorption averaged 3.3 percent. The quality
of the sand was determined to be acceptable, but was identified in the
Bureau of Reclamation's aggregate investigation as "not the most
desirable" due to the absorption and silt coatings on the sand
particles. The coarse aggregate appears to be high quality material.

Production. - Production of aggregate would include washing,
crushing and screening of the aggregate. Washing and screening of the
fine aggregate would also be necessary, including the possible use of a
scrubber to renove silt coatings on the sand particles. The aggregate
production plant location choices are limited due to the steep terrain.
Due to large amounts of water needed for aggregate processing, a site
near the river would be desirable, as long as it was above flood
elevation.

Dam Expanxability Implications. - The quantity of aggregate
available in the bars along the river exceeds the required amount for
flood control dam alternatives being evaluated. The amount of aggregate
required by a possible future expanded dam is expected to be less than
the volume of aggregate in the bars. However, additional aggregates
will be needed to meet the sand requirement and other deficient sizes.

0 Additional aggregate for the construction of the expanded dam may be
obtained from debris of the failed cofferdam at the 20.1 site and from
an amphibolite outcrop on the north side of the river near Mammoth Bar.
The flood pool created by the flood control structure would inundate
all the bars upstream for short periods of time. However, since this
water would be stored for a maximum of three weeks, the upstream bars
would be accessible for use in building an expanded dam. Should a
future expanded dam unexpectedly require more aggregate than is in the
bars, additional aggregate could be processed from a quarry which could
be developed in the area.

Cal~titcmsMaterials

Portland cement and pozzolan will be needed in large amounts to
satisfy the requirements of this project. These materials can be
transported in bulk by either rail or truck' to the project site.
Transportation by rail would be preferable due to the large amount of
material required, and because storage in rail cars would be more
efficient.

Cement. - There are four cement producers in the vicinity of the
Auburn Dam project site. These producers are Genstar, Kaiser Cement,
Nevada Cement, and RMC - Lone Star. All of these producers are located
within 200 miles of the project site and produce Type II cements that
have been prequalified for USACE use by the Waterways Experiment

* Station.
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Pozzolan. - Pozzolan is available from two producers locally.
Western Ash markets pozzolans from a terminal in Stockton, California,
and Pozzolanic International markets pozzolans from a terminal in
Sacramento. Both Class F and Class C pozzolans are available at these
terminals. Each producer markets pozzolans from several sources at the
terminals. The use of natural pozzolan sources within a reasonable
distance to the project site may prove desirable. Two sources in the
area include one near Hallelujah Junction, which is inactive, and one
in Nevada, which is being used by the Nevada Cement Company. An
undeveloped source of natural pozzolan near Grass Valley, California,
may also be useful.

Water and ixbmrs

Water. - A large amount of water will be required on this project,
not only in concrete production, but also for curing of the concrete
and for general construction. The water used in concrete mixes must be
free from injurious materials. Water from the American River should be
suitable for the purpose of concrete construction and of adequate
supply.

Adnixtures. - Water reducing and set retarding admixtures have
been used in RCC mixes and may be beneficial, since the exposed surface
would be large and the climate can be hot and dry. These admixtures,
along with air entraining agents and high-range water reducers, may
also be used in either bedding mixes or in the facing concrete.

a1ONCR P -MUIE

Gmerral Qxxrete Properties

The following is a general discussion of concrete properties
pertinent to a gravity dam. The properties are discussed as they
relate to RCC.

C xressive StrengthY~. - This is a measure of a concrete's
resistance to crushing. It is the highest strength concrete exhibits
and is rarely critical in the stability of a gravity structure. In
RCC, the compressive strength is largely dependent on the paste volume
in the mix. RCC is a very dry material, and some mixes may not contain
enough paste to fill all the voids between aggregate particles. These
entrapped air voids will reduce compressive strength. The latest RCC
mixes have been designed to have a large paste volume, and high paste
to mortar ratio, achieved primarily by using high percentages of
pozzolan. These mixes were designed primarily to increase density,
decrease permeability, and increase tensile and bond strength, but they
were also able to achieve high compressive strengths.

Tensile Strength and Strain Capacity. - Tensile strength is about
5 to 15 percent of the compressive strength. The tensile strength is
directly related to the strain capacity, which is the amount of strain
a concrete section can endure before cracking. Tensile strain in a
gravity section is most commonly caused by thermal contraction, but it
can also be caused by seismic loadings. A concrete's ability to
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withstand seismic or thermal strains without cracking stems from its
tensile strength. The strength has been found to increase if crushed
aggregates are used in the mix instead of rounded aggregates, or if a
high paste volume is used in the mix. In addition, the dynamic tensile
strength will always be somewhat higher than the static tensile
strength.

Shear and Bond Strength. - Since RCC structures consist of a
multitude of thin lifts, the bond strength between lifts is very
important. If tensile strength is required across a lift joint, a
high-slump bedding mix is usually used to glue the lifts together.
Alternatively, the mix can be designed to have a high paste volume
which will provide the necessary bonding. Cores taken from recently
constructed RCC dams have established that such treatment develops a
tensile bond strength at least as great as the tensile strength of the
concrete itself. The bedding mix also greatly reduces seepage along
lift joints. The shear strength along such a bonded joint will be a
combination of cohesion from the bedding material and friction along
the lift surface.

Elastic Properties. - These include Poisson's ratio, elastic
modulus, and creep. Poisson's ratio has not been studied in great
depth for RCC but those tests that have been done show the ratio for
RCC is the same as for conventional concrete. The elastic modulus is
very dependent on the aggregate in the mix. In general, the lower the
aggregate quality, the lower the elastic modulus. Tensile strain
capacity will increase as the elastic modulus decreases. Creep is
deformation due to a sustained load over time and is a property of the
paste in the mix. High creep indicates high stain capacity and
increased resistance to thermal cracking.

Thermal P. - The thermal properties of RCC depend on the
amount of cement in the mix and the type of aggregate used. Since
cement hydration is an exothermic reaction, the amount of heat
generated within a concrete mass will increase as the cement content
increases. The amount of strain this heat generation imparts on the
concrete depends on the coefficient of thermal expansion which in turn
depends primarily on the aggregate used. Since RCC mixes usually
contain less cement, they experience a smaller temperature increase
than conventional mixes. Also, using large percentages of pozzolan to
increase paste volume, instead of cement, reduces the heat gain.
Lastly, the RCC method of placing thin lifts from abutment to abutment
allows heat to dissipate more rapidly than conventional mass concrete
block construction.

ROC DAM aIONSTI(1I W CXIEATM

Diversiom of Water

Mile 20.1 Site. - One positive aspect of the 20.1 site is that
prior construction by the USBR has left a diversion tunnel that diverts
the water in the river around the construction area. This is
beneficial in the time and monetary savings to construct this anew. A
cofferdam must be constructed at this site to replace the previous one
that failed in 1986. Some of the original cofferdam remains in place
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and could be utilized, reducing transportation and construction costs.
The size of a cofferdam required for an RCC project is smaller than the
original cofferdam that was constructed. This is because overtopping
of the RCC structure during construction would not harm the concrete in
place.

Mile 19.0 Site. - The 19.0 site has not had any previous
construction for the diversion of the water around the site. At this
site, a small cofferdam would need to be constructed before diversion
of water would be possible. One method of diverting water would be to
construct a conduit that would pass through the dam. Once the water
has been diverted through the conduit, the remainder of foundation work
and dam construction could commence. Another possibility would be to
divert water in a similar manner as was done at the 20.1 site. Because
the gross pool level of Folsom Lake is higher than portions of the
19.0 site, a downstream cofferdam may also be necessary.

Foundation Treatment

Mile 20.1 Site. - Foundation work at the 20.1 site was performed
by the USBR, which included clearing of the site area, foundation and
spillway excavation, and dental concrete placement in the foundation.
Some of this work could be utilized for future dam construction,
including a portion of the dental concrete. Some additional foundation
treatment would be necessary due to the new dam configuration and
alignment that has been proposed. A report has been prepared by
Geology Section on necessary exploration and site studies required at
both the 20.1 and the 19.0 sites.

Mile 19.0 Site. - More foundation work will be necessary at the 0
19.0 site than at the 20.1 site. Extensive explorations and foundation
studies will need to be conducted at the 19.0 site to determine site
conditions. Foundation preparation would include clearing and
excavation followed by dental and levelling concrete work.

Aoess

Mile 20.1 Site. - Access to the 20.1 site has been developed as
part of earlier construction. Some of the access has been obstructed
due to past flooding. Additional access will be needed for aggregate
transportation and for concrete plant operations.

Mile 19.0 Site. - Access to the 19.0 site would have to be
developed extensively. Roads will be needed for construction access to
the river as well as both abutments. Access will also be needed here
for aggregate transportation, aggregate processing operations and for
the concrete plant(s).

CoIncete Production

The construction of a roller compacted concrete dam will require
the production of roller compacted concrete and conventional portland
cement concrete. A concrete plant will be needed for the production of
each of these types of concrete. Production rates will be dependent on
material delivery and plant capacities.
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Aggrgate Delivery. - Aggregate excavation can be done with
bulldozers and front end loaders down to river level, and with
draglines below water level. Aggregate must then be transported from
the excavation site to the processing plant and after processing to the
concrete plant. Aggregate excavated from bars along the river can be
transported to the processing plant by various methods. A conveyor
system can be constructed along the river to carry the aggregates, and
provide a continuous delivery of aggregate to the processing site.
Another option for transporting aggregates would be the construction of
a rail system along the river. An old rail grade that exists along
some reaches of the river could be utilized. Conveyors could be used
between the rail system and the processing plant. Trucks are another
possible method for transporting the aggregates. However, trucking
aggregates would probably not be done because of the large volume of
aggregates and the length of the haul. One benefit of using a rail
system would be the ability to store aggregate in rail cars. This is
important, since area for aggregate storage is limited. After
processing, the mode of transportation of the aggregate to the concrete
plant would depend on the distance from the processing plant to the
concrete plant. Locating the concrete plant(s) adjacent to the
processing plant would allow the use of short conveyors between plants.
However, if topography does not allow the aggregate and concrete plants
to be adjacent, either rail or conveyor systems similar to those used
to transport aggregate to the processing plant could be used.

Mix Plant Location. - The concrete plant(s) will require areas for
operation at a close proximity to the construction site. Ideally, the
RCC concrete plant should be located as close to the aggregate
processing plant as possible. Doing so minimizes handling of crushed
and graded aggregates and reduces breakdown and waste. The
aforementioned conditions greatly restrict potential plant locations.
As conventional concrete requirements will be considerably less than
that for RCC, the batching and mixing plant for conventional concrete
may be located away from the aggregate processing plant. One potential
plant location at the 19.0 site is where a plant was located
previously, on the right abutment. At the 20.1 site, locations on both
abutments may be useful, although the right abutment would be
preferable because of easier cement and pozzolan delivery. Locating
concrete plants on the abutments would also be suitable for the
delivery of concrete to the placement site. Conveyor systems are
considered most desirable for RCC delivery, though trucks have been
used.

r Type. - RCC may be mixed in the same type of drum mixer as
conventional portland cement concrete, but mixing in a pugmill type
mixer is more desirable and practical. Multiple mixers will be
necessary to accommodate the high placement rate that is capable of
being achieved in RCC construction. A separate drum mixing plant will
be required for mixing conventional concrete and bedding mortar.

ROC Construcmn Methods

RCC is portland cement concrete. Although it is identical to
conventional concrete in many of its properties, it differs, however,
in its placement and the methods used in its construction.
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Foudation Treatment. - The foundation treatment for an RCC dam
involves the excavation and dental concrete work that would be required
of a conventional concrete dam. In their feasibility design summary 0
for a curved multi-purpose gravity dam, the USBR outlined a foundation
treatment plan that included a grout curtain up to 280 feet deep and
consolidation grouting 30 feet deep. Conventional concrete is
necessary along the base of the dam as a levelling surface from which
to begin the RCC placement. This levelling concrete provides a base
and clean surface on which to place the RCC. Applying RCC to a clean
surface is essential to allow the development of adequate bond and
shear strength.

Lift Construtxi. - RCC is placed in layers or lifts that extend
the full width and the full length of the dam. After a lift is
completed, another lift is placed upon the previous lift. Lifts are
typically placed in thicknesses of up to two feet. Concrete for each
lift is spread using bulldozers or similar equipment and then compacted
with vibratory rollers. To avoid segregation, lifts are placed in
multiple thinner layers with the tracks of the bulldozers providing
initial compaction. Bedding concretes and mortars have been used
between lifts to increase bond and shear strength. Time between lifts
and ambient temperature play an important role in achieving the desired
bond strength between lifts. Water is needed for curing and to
maintain freshness of lift joints. Lift surfaces should be kept moist,
not wet, and lifts should be sloped to prevent pooling and allow water
to drain from the lift surface. Cleanliness of lift surfaces is also
essential in the development of bond strength between lifts. High
pressure water hoses can serve the dual purpose of cleaning the lift
surface and keeping moisture on the surface.

Joints. - Contraction joints have been installed in RCC dams using
galvanized steel sheeting vibrated into the RCC with a vibratory
inserting device mounted on a backhoe. Waterstops have also been used
in RCC dams. Waterstops have been installed at the upstream facing
elements along with vertical drains. The drains are positioned between
each double waterstop. The lift joints, as discussed above, may be
constructed either with or without joint treatment.

Upstream and Do[wnstream Faces. - Construction of RCC dam faces has
been accomplished in various ways. Slipform pavers, precast concrete
panels, and jump forms have been used to construct both the upstream
and downstream faces of RCC dams. In conjunction with the use of jump
forms or precast concrete panels, a conventional concrete section one
to three feet wide is placed to provide a water barrier. Slipformed
faces, however, do not require the additional concrete barrier and have
the advantage of compaction of RCC up to the face, which provides bond.
RCC has the advantage of allowing the downstream face to be placed
without forms. In constructing the downstream face in this manner, the
downstream face is overbuilt and the additional concrete is
sacrificial.

Spila. - An RCC dam can have a spillway incorporated into the
dam itself. An ogee design can be constructed using a shotcrete
overlay or by anchoring a layer of formed conventional concrete to the 0
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previously placed RCC. The other option is to place the RCC lifts along
the spillway in stepped fashion, using either slipform facing or jump
forms. The construction of a stepped spillway reduces the spillway
cost because it reduces construction time. Whichever design is used,
conventional, high-durability concrete should be used for the spillway
surface.

Galleries. - Galleries can be constructed using the slip form
method, with precast facing elements, or with jump forms. The roof of
the gallery may be constructed by placing a precast slab or culvert on
top of gallery walls. This provides a gallery which requires no
additional construction effort when completed. Another method which
has been used is the replacement of RCC with fine aggregate in the
gallery areas. Once constructed, the aggregate is excavated from
within the galleries.

Rate of Construction. - The rate of construction of RCC dams
typically is much greater than the rate for conventional concrete dams.
The rate of RCC placement will vary depending on the production
capacity, lift.depth, width of the dam section, discontinuities such as
galleries, and equipment. Placement rate is usually slow at the base
of the dam, but as the surface area of the lift increases allowing
equipment to move about more easily, the placement rate increases.
Near the top of the dam, as the width of the dam section narrows,
placement rate once again decreases. At the Corps of Engineers' Elk
Creek Dam project, peak production rates were estimated at 15,000 cubic
yards per day. Production exceeding 10,000 cubic yards per day was
achieved early in construction with four pugmill mixers. Other dams,
such as Upper Stillwater Dam in Utah, have attained production rates in
excess of 10,000 cubic yards per day. An average rate of RCC production
for Auburn Dam of 10,000 cubic yards per day is feasible using current
technology.

Constructxion Costs. - Because of the use of efficient earthmoving
equipment, and some savings in materials and labor costs, RCC for dams
is very inexpensive. Recent RCC dam costs, including all costs
associated with concrete, have ranged from $19 to $27 per cubic yard,
for dams similar to a concrete dam at Auburn. $22 per cubic yard
represents a reasonable estimate for the cost of RCC for any Auburn Dam
site and structure.

(XIMIIERATIMS AMI EXPAI)ABILTTY (OF A (CO[CRETE DA M

A number of considerations enter into the design and analysis of
concrete dams, and affect the expandability of such dams. Table M-6-1
summarizes advantages and disadvantages of an RCC dam at either the
20.1 or the 19.0 site. Significant items concerning a concrete gravity
flood control structure and expandability of a concrete gravity dam
follow.
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TIEE M-6-1

ADVANTM AND DISAIJVANTAM0
(F A FLLXD QNTM DAN

AT ME 20.1 ANM 19.0 SIMS

ANAGES DITSDVANTMW

20.1 Site

Low cost Design for 9" fault displacement
Rapid construction Larger volume of RCC than 19.0 site
High degree of safety
Bypasses F-i fault trace
Fdn treatment partly done
No side channel spillway
Easily expandable
No spillway to fill in if expanded
No new fdn exploration needed
Plentiful supply of materials
No environmental problem getting matls
Simple, low cost diversion
Overtopping protection built-in
Early flood protection
No D/S cofferdam
Less fdn treatment for expanded dam
Good access to site
Rail spur avail.for cement/pozz deliv
Shorter transport for aggregates

19.0 Site

Low cost Design for 9" fault displacement
Rapid construction Fault system unknown
Smaller vol of RCC than 20.1 Fdn exploration needed
High degree of safety More fdn work needed than 20.1
No side channel spillway More expan.dam fdn work than 20.1
Easily expandable D/S cofferdam required
Early flood protection Difficult site access
Simple, low cost diversion Expan dam powerplant infeasible?
Overtopping protection built in
Plentiful supply of materials
No spillway to fill in if expanded
No environmental problem getting matls

M
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QCrmate Dm Safety Is•s

m The safety of concrete dams has been well documented. No concrete
dams have failed due to an earthquake, although many have been
subjected to moderate to severe shaking. No concrete dams have failed
in the United States in the last 50 years, and earlier failures were
due to unknown foundation conditions prior to the advent of foundation
engineering. The few failures of concrete dams worldwide have been due
to foundation problems, not the concrete structure. Concrete dams have
successfully withstood numerous incidents of overtopping with minimal
or no damage, whether due to floods or landslides into the reservoir.
Concrete dams have been overtopped during construction, with minimal or
no damage. Concrete dams are not subject to failure due to water
seepage, or many other predominant causes of dam failure.

Fault displacement at the F-I fault at the 20.1 site, or at any of
the potential Auburn Dam sites, has been a concern. A straight concrete
gravity dam at the 20.1 site appears to be downstream of the F-I fault,
rather than being built on the fault. This appears to increase the
safety of this structure. Where active faults have been found within
the foundations of concrete dams, moveable joints have been built in
the dams to accommodate this potential movement. Morris Dam, a concrete
gravity dam constructed in 1934 near Los Angeles, has a special
transverse joint to accommodate foundation movement of up to 3-feet.
USBR and their Board of Consultants for the Auburn Dam have addressed
the issue of fault displacement in their design for the CG-3 structure
at the 20.1 site. ICOLD Bulletin 52, Earthquake Analysis Procedures For
Dams, discusses this concern, and includes the following statement:

"In particular the possibility of a movemnent on a fault zone should at
all times be avoided by a suitable geological study. Often, it is
speculated that in the event of such a movement, 'soft' structures -

e.g. earth dams - are safer than more rigid concrete ones. This
prediction is however beyond the realm of calculations which are
feasible at present, and it certainly is possible that a concrete
gravity dam is safer than an earth dam in such a fault movement due to
its inherent stability even after damage.'. 9

Dreher"° provides an outstanding analysis of seismic design
considerations for concrete dams, including design for fault
displacement in a dam foundation. An additional consideration for a
flood control structure is that the occurrence of fault displacement at
a time of full reservoir pool is very unlikely.

S ility of ROC [ams

Several general items to consider when addressing dam expandability
are discussed below.

(1) If an embankment dam were built at any Auburn site, expansion
of the dam with concrete would be virtually impossible. The embankment
dam could be used as a cofferdam for a new concrete dam downstream of
the cofferdam site, but this would be very unlikely.
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(2) Expansion of an RCC dam to a larger embankment section may be
feasible, using the RCC as part of an impervious zone. Design of this
type of structure would be untypical of embankment dams, but may be
practical.

(3) Expansion of an RCC dam to a larger section of RCC would be
relatively easy for any Auburn site. Bonding of an RCC section to an
older RCC section would be relatively easy and practical. One method to
provide a surface for future bonding would involve constructing the
downstream face of the lower dam with well compacted or formed steps.
For expansion of the dam, these steps would be scarified, cleaned, and
then treated with a bonding mortar before RCC placement. This would be
the same bonding mortar used for bonding the lifts of RCC. A similar
method was actually used for expansion of O'Shaughnessy Dam in Yosemite
National Park, CA., in 1938, increasing the height of the dam from 345
feet to 425 feet, using slumpable concrete. Middle Fork Dam was
constructed in 1984 with RCC using cast downstream face steps, and
Knellpoort Dam in South Africa, completed in 1988, had a stepped
downstream face on this RCC arch dam. The strength of the older RCC
section would be used in the analysis of the new dam, and would have
some affect on the downstream face slope design.

(4) Expansion of an RCC dam to a higher RCC dam would minimize
foundation preparation, since only the portion of the foundation
downstream of the older dam would have to be prepared.

(5) Any embankment dam at Auburn, if expanded, would require
filling and raising of a remote spillway. This would not be necessary
with an RCC dam.

FUTURE EFFORT

After a plan is selected, detailed design will begin on that plan.
This design must take place before final plans and specifications are
developed for the selected plan. This effort will take several years
and involve many different professionals. Following are some of the
design efforts to be done during this detailed design phase.

Future Materials Studies

Aggregate Studies. - Although plentiful coarse aggregates are
available from bars on the Middle Fork of the American River, there may
be a shortage of sand. Some additional investigation of natural or
crushed sand sources may be appropriate to optimize aggregates for mix
proportioning. This would involve some field work, sampling and testing
of aggregates, prior to mix proportioning. Feasible measures to
preserve as much natural aggregate as possible for a future expanded
dam may be advisable.

ROCe and P(O Mix Proportioning Studies. - Although USBR has
conducted extensive mix proportioning studies for conventional
concrete, none have been done for RCC. RCC mix proportioning studies
would be conducted to determine cementitious material contents,
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aggregate proportions, and various concrete properties for use in final
design. Testing may be conducted at NPDL, WES, or another USACE
laboratory.

R(X Properties. - Testing for RCC properties is usually considered
part of the mix proportioning process. However, some properties, such
as thermal properties and rapid strength, may be tested for at a
laboratory other than that doing the mix proportioning. Thermal and
creep property testing may be performed at NPD Laboratory, and the
rapid strength testing would probably be performed at UC-Berkeley. WES
may do some of the testing for RCC as well.

Conrxete Dam Design

Design of concrete gravity dams in USACE is normally accomplished
with a team of materials and structural engineers. Design of a concrete
dam at Auburn would likely follow this path, since the concrete
properties and structural design are interdependent. Concrete materials
engineers should participate in the structure design process at all
stages. Feasibility level structural design has already begun.
Final structural design usually begins after the completion of concrete
property testing. Static design will probably involve a two dimensional
analysis, and dynamic analysis will likely involve a three dimensional
analysis using a finite element method (FEM) approach. Analysis of
thermally induced stresses can be done satisfactorily using two
dimensional FEM.

CCCUICNS

a. Any concrete gravity dam built at Auburn should be built with RCC.
RCC properties are more than acceptable for any size or height of dam
at Auburn.

b. Concrete aggregate supplies are more than adequate for a flood
control dam at any Auburn damsite. These aggregates have been fully
studied and documented.

c. Concrete aggregate supplies appear to be adequate for a
multi-purpose dam at any Auburn damsite. These aggregates have been
fully studied and documented. Careful planning is needed to assure that
the alluvial aggregates along the Middle Fork of the American River are
available for an expanded dam.

d. Using streambed aggregates for the concrete gravity dam eliminates
the environmental problem associated with stripping borrow materials
from outside the reservoir area.

e. Plentiful cement and pozzolan supplies are available for
construction of any size dam at Auburn.

f. The ability of a concrete dam to survive a seismic event with a
displacement of 9 inches is an important concern for design, but should
not be overemphasized. The inherent safety of concrete dams in such an
event have been supported by many distinguished authorities, including
ICOLD. Current USBR Auburn dam designs consider fault displacement.
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Bechtel National, Inc., and the USBR's Board of Consultants (Wallace L.
Chadwick, William R. Gianelli, Ralph B. Peck, and Ernest K. Schrader),
have reviewed the current design. A concrete gravity dam can be safely
designed and built at the Auburn Dam site.

g. Design for fault displacement will be a part of any dam design for
any Auburn damsite.

h. The 19.0 site has several problems with expandability that should
be resolved before this site is considered for a dam.

i. Although any gravity dam at the 20.1 site has a slightly larger
volume of concrete than the 19.0 site, a dam at the 20.1 site has
several advantages with expandability over the 19.0 site.

j. Structural design engineers will determine the recommended
concrete dam footprint and section.

k. A flood control concrete dam should be designed as a stand-alone
structure, as well as part of an expanded dam.

1. RCC dams can be built in a substantially shorter time than either
a conventionally placed concrete dam or an embankment or rockfill dam
of the same reservoir capacity. At RCC placement rates that have
already been attained at other RCC dams, the RCC for a flood control
dam at any Auburn site could be placed in as short a time as one (1)
year.

m. Because of the rapid rate of RCC placement, a concrete dam at the
Auburn site would provide flood protection at an earlier date than an
embankment or rockfill dam.

n. Feasibility level design of a flood control gravity dam should be
closely coordinated with USBR design for a multi-purpose Auburn Dam.
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ATHJRN [AM AND RESR)OITR
RROIR RIM AND SLOPE SrDU1LJTY STUDY

The Geology Section conducted a reservoir rim and slope
stability study of the area upstream of the River Mile 20.1 damsite
between the river and approximately elevation 900 feet. The purpose
of this investigation was to locate and identify landslides and
areas of potential slope instability in the reservoir area to be
formed by the proposed flood control dam at Auburn, California. The
evaluation was based strictly on the geologic and topographic
conditions evident from aerial reconnaissance by helicopter and
limited ground-truthing, combined with work previously conducted by
the U.S. Bureau of Reclamation (USBR). Due to the complex geologic
nature of the study area, a complete and detailed study would have
required an extensive and cost prohibitive surface investigation and
subsurface exploration program. In this report the term "slide" is
used as a generic term to denote any slope failure, without regard
to its structural form.

SOOPE OF WOK

The initial phase of the study was to obtain the existing black
and white, and color aerial photographs. Photographs (scale
1i=800') taken in October 1986 following the failure of the USBR
Auburn Dam cofferdam were studied, and all suspected slides were
located and plotted on USGS 7.5 minute series topographic quadrangle
maps. Areas of ancient slides and suspected slope instability as
located by the USBR during their studies in the Robie Point area,
and in the vicinity of their proposed Greenwood Bridge on the Middle
Fork of the American River, were also plotted on the topographic
maps.

A major part of the study consisted of conducting a series of
helicopter flights over the proposed reservoir area to observe and
locate on maps the existing slides in areas too remote for
reasonable ground access. Both sides of the canyon walls of the
North and Middle Forks of the American River were video taped during
the helicopter flights. Audio narration was included as an aid to
locating specific features when viewing the tapes. The slides
observed during the helicopter flight and recorded on video tape
were then plotted on the topographic maps. Emphasis was placed on
video taping of the slides caused by the rapid lowering of the
reservoir following the cofferdam failur6 in 1986. It was felt that
the cofferdam failure represented the worst case scenario for rapid
reservoir drawdown on the stability of the canyon walls. The
surface of the reservoir at the time of the cofferdam failure was
approximately elevation 700 feet.

Following the areal reconnaissance, several trips were made to
ground-truth the accessible areas along the river. In addition to
the slides observed from the air, numerous roadcuts and rock
outcrops were field checked for indications of slope instability.
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As with the aerial survey, the major emphasis of the ground
reconnaissance centered on the reservoir area below the 700-foot
elevation. Additional slides and areas of concern which were
observed on the ground were also delineated on the topographic maps.
Photographs were taken of several of the slope failures and are
included as Appendix A. The numbering of the slides on the
topographic maps (Plates 1 through 4) corresponds to the photograph
numbers in Appendix A.

The bedrock in the proposed dam and reservoir area consists of
complexly folded and faulted metamorphosed sedimentary and volcanic
rocks. The layering of the original sedimentary and volcanic rocks
parallels the regional metamorphic structure which strikes
northwesterly and has steep northeast to vertical dips. Locally,
the structure is complicated by faulting and intrusions of
granitic-dioritic and ultrabasic rocks. Most of the ultrabasic
rocks have been completely altered to serpentine and talc. Faults
and weak rock zones are common parallel to the major structural
trend and occur in some places across the trend.

In their report on the Robie Point area, the USBR included the
following descriptions and characteristics of the major rock types
located in the area (USBR, 1966):

Amphibolites are usually hard and schistose with prominent,
steeply dipping, variably spaced cleavage planes parallel to the
schistosity. These cleavage planes are a distinct weakness in
the rock and vary from very closely spaced to widely spaced in
more sound rock. The weak amphibolite zones usually contain some
chlorite and talc schist (see description below). The
amphibolites also contain small irregularly shaped intrusive
bodies of hard, gneissic metagabbro. Weathering is variable,
mostly affecting the weak rock zones.

Metasediments are mainly thin-bedded slate with minor phyllite,
quartzite, and chert beds up to 5 feet thick. The rocks are
chiefly hard and generally part easily along the steeply dipping
bedding planes. They are usually only slightly weathered and are
fairly competent even near the ground surface.

Serpentine is widely distributed throughout the area. It occurs
as dikes and sills along fault zones and as large, discordant,
irregular ridge-forming masses. It occurs predcminantly as two
types: one is massive and variably fractured; and the other is
sheared, foliated, talcose, and usually unstable.

Talc and talc schists are common along the sheared serpentine
borders and within faults and weak rock zones. They are also
associated with shear zones within the serpentine, metasediments,
and with chlorite schist in the weak amphibolite zones. The
talcs are very soft and slippery, and are the underlying cause of
most of the landslides in the Robie Point area.

0
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Overlying the bedrock along most of the canyon walls is a thin
mantle of fragmental and unconsolidated rock material called
regolith. The regolith is typically highly varied in character and
is either formed in-place (residual) or is transported (colluvium).
It includes rock debris of all kinds, as well as soil.

IAM1IES CAUSED BY VIA'" UATDC RESERVOIR IEVELS

Landslide masses are typically triggered by natural processes
that represent a complex interaction of material properties,
geometry, and environmental conditions. Factors that most commonly
exert an influence on the slope profile include the rock type, its
inherent strength, the presence of joints within the rock, the
geologic structure, the environment, the hydrologic conditions, and
the tectonic and geomorphic setting (Rogers, 1989).

Slope failures can be divided into two groups, hard rock or
bedrock failures, and soft rock or soil failures. The latter
encompass failures involving the regolith that commonly lies upon
the bedrock. Because the slope stability problems in the study area
seem to occur primarily in regolith, the following discussion will
be limited to that of soft rock or soil failures. For a complete
description of all types of landslides, see Landslides: Analysis and
Control (Schuster and Krizek, 1978).

The stability of the soft rock or soil slopes is controlled by
the deterioration of unit strengths due to partial or complete
saturation. Studies conducted for several large landslides
associated with fluctuating reservoir levels suggest that a rise in
the water table will cause a decrease in the effective stresses
which aid in the inter-granular friction between soil particles
within the regolith. If the regolith contains clayey material,
often what occurs is the clay fraction swells, the soil mass becomes
less permeable, and the total unit weight increases while the
effective weight of the mass is buoyed by its submergence. In the
event that the reservoir is rapidly lowered and the solid mass
doesn't have sufficient time to drain the water, what occurs is an
overall increase in the forces promoting failure concurrent with a
decrease in friction at the soil/bedrock contact.

It should be noted that the reservoir behind the cofferdam
that failed was released in a matter of a few hours. In comparison,
the controlled releases under normal operation of the flood control
dam with a reservoir at the same elevation (approximately elevation
710 feet) is estimated to take in excess of 3 days. The slower
drawdown of the reservoir should allow more time for the water to
drain from the slopes, and thus reduce the chances of slope failure.

[ IN THE RERVOIR AREA

In the dam and reservoir area three major types of slope
movement were identified; slides, debris avalanches, and topples.
The largest number of these appear to be relatively small debris
slides and debris avalanches which occurred in 1986 below elevation
700 feet as a result of the rapid lowering of the reservoir behind
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the cofferdam following its failure. In this reconnaissance survey,
at least 35 new slides or avalanches were found in the area below
elevation 700 feet and upstream of the proposed dam alignrmnt. Of
these, about five appear to have been old features identified in
previous studies which were rejuvenated in 198G. It appears that
the lower elevations also correspond to the areas of the greatest
amount of regolith accumulation.

Debris slides and debris avalanches differ in that avalanches
move more rapidly due to lower cohesion or higher water content and
steeper slopes. In debris slides, the moving mass breaks up into
smaller and smaller parts as it advances toward the foot, and the
movement is usually slow. In debris avalanches, progressive failure
is more rapid, and the whole mass, either because it is so wet, or
because it is on a steep slope, liquefies, flows and tumbles
downward, and may advance well beyond the foot of the slope. Debris
avalanches are generally long and narrow and often leave a serrate
or V-shapped scar tapering uphill at the head (Schuster and Krizek,
1978).

The largest slides which have been identified in the proposed
reservoir area are two ancient rotational or translational slides.
One is located on the northwest side of the river at River Mile 22.4
(see Auburn Quadrangle map, Plate I) approximately 1-mile downstream
of the confluence of the North and Middle Forks of the river, and
the other is at Cherokee Flat (see Greenwood Quadrangle map, Plate
2). They were identified by the USBR during investigations for an
alternative, damsite at River Mile 22.1, and studies for the
Greenwood Bridge and highway relocation proposal.

The River Mile 22.4 slide appears to be the remnant of an old
stabilized landslide. The USBR examined road and railroad cuts and
determined that the slide extends approximately 2200 feet upslope
from the river and is 900 feet across at its widest point.
Explorations for the alternative damsite indicate that the slide is
a maximum of 200 feet thick. In 1986, a fairly shallow portion of
toe of the slide fell into the river and was carried away. In the
event that complete failure of the slope should occur, the river
channel could be blocked. For this reason, a program should be
initiated to periodically monitor movement of the slide should a dam
be built downstream.

The USBR has identified about 15 fairly large old slides in the
Greenwood Bridge area between Poverty Bar and Oregon Bar on the
Middle Fork. The largest of these slides has the remnant of what
appears to be a nearly flat and well developed slump block which is
locally called Cherokee Flat. The slide seems to have originated
approximately 1200 feet upslope of the flat as indicated by a
roughly arc-shaped topographic expression. The total length of the
body of the landslide is approximately 2000 feet from the river
level to the top of the slump block. The elevation along this
stretch of the river is approximately 680 feet, so water backed up
by the cofferdam was fairly shallow. As a result, very little
post-1986 slope failure is evident. Due to its large size and its
proximity to the river, this slide should also be periodically
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monitored for movement.

Approximately 2 miles upstream of Cherokee Flat, a
translational debris slide occurred during the unusually rainy
winter of 1939-1940. The slide occurred on the left abutment of
the Ruck-A-Chucky debris control dam which was being constructed by
the Army Corps of Engineers (but not completed). During excavation
of the left abutment, a slide comprised of overburden and large
loose blocks of rock from the hillside above the damsite came down,
covering the left abutment and filling the river channel. The slide
occurred when the material was lubricated by the rain and when the
supporting material on the slope below was removed by excavation.
Large blocks of slide material are still evident in the channel at
the upper end of Ruck-a-chuckey rapids.

The only topple identified in the dam and reservoir area is the
large slide discovered during construction of the thin-arch dam at
River Mile 20.1, and which the USBR had designated Slide 16. As
discussed in the Feasibility Report, due to the slide's location,
partial or complete removed of the slide will be required during
foundation excavation for the proposed dam.

m-7-5



•1[LI(RNS

" Portions of the canyon walls upstream of the proposed dam have
had several episodes of prehistoric slope failure.

"* Numerous small slope failures, mostly in the form of debris
avalanches, occurred as a result of the filling and/or sudden
release of the reservoir behind the cofferdam during the 1986
cofferdam failure.

"* The area of the slides constitutes only a very small fraction of
the total area within the reservoir limits.

"* The slope failures which occurred in 1986 represent the portions
of the slopes which were the most inherently weak, and thus
susceptible to natural slope failure. The failure of the
cofferdam only hastened its occurrence.

" Repetitive filling and emptying of the reservoir behind the
proposed dam will continue to remove those portions of the
slopes which are already prone to failure. It is impossible to
determine the frequency and extent of future slope failure.

"* Most likely, each episode of filling and emptying should cause
fewer failures as the unstable portions of the slopes are
gradually removed, and eventually the canyon walls should
stabilize.

"* No field evidence was found to indicate that the proposed dam or
any of its appurtenance are in any jeopardy of being damaged or
of losing their function due to slope failures.

" If the proposed flood control dam is approved for construction,
a program of slide monitoring should be initiated for the slide
at River Mile 22.4 and the Cherokee Flat slide. These were the
only slides observed which could obstruct the flow of the river
if they were to totally fail. A thorough discussion of field
instrumentation and surveying of slides is included in
Landslides, Analysis and Control (Schuster and Krizek, 1978).
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State of California The Resources Agency

O Memorandum

Date : September 30, 1991

To Jim McDaniel
Deputy Director

Jerry Vayder, Chief
Central District

From Department of Water Resources

Subject: Evaluation of Soils and Soil Stability for the Proposed Flood
Control Dam at Auburn

The Central District has completed an evaluation of the
potential for soil loss in the inundation zone at the proposed
Auburn flood control dam. This study was initiated in response
to several comments on the draft EIS for the proposed project,
which expressed concern over the operation of a flood control dam
on the North Fork American River. The concern expressed by the
commentors is that the proposed operation would strip much of the
soil cover from the reservoir area, resulting in a significant
loss of important wildlife habitat.

Results of our studies indicate that 35 percent of the soils
in the inundation zone are stable under any operation. About 15
percent of the soils in the detention dam's inundation zone may
mobilize at the drawdown rates proposed for both the 200-year and
400-year flood control dam. This results in a potential impact
to about 600 acres of habitat. The operation of the outlet works
for either 200-year or 400-year dam can be modified so as to
limit the potential to destabilize soils. This modification of
the outlet works design should be performed during preliminary
engineering design when detailed field and laboratory testing of
the soils can be combined with more precise modeling of the
outlet works.

SURNAME 0 -9/
DWR 155 (REV. 8/83) 144



CONTENTS

TRANSMITTAL MEMORANDUM ..................................... iii

ORGANIZATION ................................................ ix

INTRODUCTION ................................................. 1

SOILS IN THE AREA OF THE PROPOSED FLOOD CONTROL DAM AT AUBURN . . 3

Soil Series . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

Auburn Soil Series ................................... 4
Boomer Soil Series .................................. 4
Exchequer Soil Series ................................. 5
Horseshoe Soil Series ................................. 5
Inks Soil Series .................................... 6
Josephine Soil Series ................................. 6
M ariposa Soil Series ................................. 7
Maymen Soil Series .................................. 7
Sites Soil Series .................................... 8
Sobrante Soil Series . .................................. 8
Riverwash and Rock Land .............................. 9

Soil Series G radations ..................................... 9

Soil Com plexes ......................................... 9

Auburn-Rock Outcrop Complex .......................... 9
Auburn-Sobrante Silt Loam ............................ 12
Auburn-Sobrante-Rock Outcrop Complex .................. 12
Boomer-Rock Outcrop Complex ......................... 12
Horseshoe-Rubble Land Complex .. ..................... .13
Inks-Exchequer Complex ............................. 13
Mariposa-Josephine Complex ........................... 13
Mariposa-Rock Outcrop Complex ........................ 13
Maymen-Rock Outcrop Complex ........................ .13
Sites-Rock Outcrop Complex ........................... 13

Slope Designation ...................................... 14

Soils Within the Inundation Zone of the Proposed
Flood Control Dam at Auburn ................................ 14

SO IL STA BILIT Y ................................................ 19

Q1



GROUND WATER FLOW MODEL .................................... 21

Soil Perm eability ....................................... 21

M odel Results .......................................... 23

FIELD OBSERVATIONS ........................................... 25

CONCLUSIONS AND RECOMMENDATION .............................. 27

REFEREN CES .................................................. 29

Figures

1 Upper and Lower Range of Grain-Size Distribution for
A uburn Soil Series ....................................... 4

2 Upper and Lower Range of Grain-Size Distribution for
Boom er Soil Series ....................................... 4

3 Upper and Lower Range of Grain-Size Distribution for
Exchequer Soil Series ..................................... 5

4 Upper and Lower Range of Grain-Size Distribution for
Horseshoe Soil Series ..................................... 5

5 Upper and Lower Range of Grain-Size Distribution for
Inks Soil Series .. ......... ...... ..... ... .... . ... ... ... .. 6

6 Upper and Lower Range of Grain-Size Distribution for
Josephine Soil Series ..................................... 6

7 Upper and Lower Range of Grain-Size Distribution for
M ariposa Soil Series ...................................... 7

8 Upper and Lower Range of Grain-Size Distribution for
M aymen Soil Series ...................................... 7

9 Upper and Lower Range of Grain-Size Distribution for
Sites Soil Series ......................................... 8

10 Upper and Lower Range of Grain-Size Distribution for
Sobrante Soil Series ...................................... 8

11 Typical Cross Sections of the Canyon in the Area of the
Proposed Flood Control Dam at Auburn .......................... 15

12 Histogram of Slope Failure Scar Heights Following Failure of Auburn
Cofferdam ........................................... 20

13 Discretization of 50 Percent Slope Model ........................ 22

14 Discretization of 70 Percent Slope Model ........................ 22

15 Summary of 50 Percent Slope Model Results ...................... 24

16 Summary of 70 Percent Slope Model Results ...................... 24



Tables

1 Soil Series and Soil Complexes within the Inundation Zone for the
Proposed 200- and 400-Year Flood Control Dams at Auburn .......... 17

2 Reservoir Drawdown Rates for Proposed 200- and 400-Year
Flood Control Dams at Auburn .............................. 20

3 Permeability of Soil Series in the Area of the
Proposed Flood Control Dam at Auburn .......................... 21

Plate

1 Soils in the Area of the Proposed Flood Control Dam at Auburn
(7 sheets)

0

vii



Organization

State of California
PETE WILSON, GOVERNOR

The Resources Agency
Douglas P. Wheeler, Secretary for Resources

Department of Water Resources
DAVID N. KENNEDY, Director

John J. Silveira Robert G. Potter James U. McDaniel
Deputy Director Deputy Director Deputy Director

L. Lucinda Chipponeri Susan N. Weber
Assistant Director for Legislation Chief Counsel

DIVISION OF LOCAL ASSISTANCE

Suzanne Butterfield . Acting Chief

CENTRAL DISTRICT

Jerry D. Vayder .District Chief
Jeanine Jones Chief, Planning Branch

This report was prepared by:

Toccoy Dudley . . . . . . . . Chief, Geology and Ground Water Section

Under the direction of:

Steve Yaeger . Supervising Engineer, Water Resources

And with the assistance of:

Eric Senter Associate Engineering Geologist
Jan Sweigert Associate Engineer, Water Resources
Melanie Collins . Graduate Student Assistant

Editorial and production services were provided by:

Vera L. Tharp . . . . . . . . . . . . . . Research Writer

ix



INTRODUCTION

During the record flows of February 1986, the flood contol facilities that protect much of the
metropolitan Sacramento area were taxed to their limits. River stages encroached into levee
freeboard at many locations. Folsom Dam, the primary flood control facility in the American River
watershed, was nearly filled to capacity. After the flood, studies by the Federal Emergency
Management Agency concluded that the level of flood protection in the Sacramento area was much
less than previously thought and that the area is in jeopardy in the event of floodflows.

The U.S. Army Corps of Engineers has undertaken studies to evaluate several alternative means
of improving the level of flood protection in the Sacramento area. One alternative is construction
of a flood detention dam near Auburn.

As part of the environmental documentation process for the proposed flood control dam, the U.S.
Fish and Wildlife Service prepared a draft Habitat Evaluation Procedures report for the project,
dated February 1991. The report was critical of the impacts the proposed dam would have on habitat
in the reservoir area. The report concluded that:

"* Soil and slope slippage and erosion would be significant.

"* Potential soil loss or movement and its effect on the vegetation and habitat of the American River
canyon was a more critical issue than extinction of particular plant species resulting from periodic
inundation.

These conclusions were based on examination of aerial photographs of portions of the American
River Canyon before and after the Auburn cofferdam was breached during the flood of 1986. The

* section of canyon examined in the HEP report extends upstream from the cofferdam about 4 miles,
which is about 1 mile upstream from the confluence of the North and Middle forks of the American
River. A major assumption in the Fish and Wildlife Service study was that this section of canyon
is geologically and pedologically representative of the entire 23 miles of canyon that would be
inundated by a permanent flood control dam.

This report provides an assessment of the amount of soil erosion and slope slippage that can be
expected as a result of periodic inundation by the proposed flood control dam at Auburn. The type
of analysis presented in this report was chosen so as not to rely on effects of the 1986 cofferdam
breach, because such conditions are not necessarily representative of conditions that can be expected
during normal operation of a permanent flood control dam.
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SOILS IN THE AREA OF THE
* PROPOSED FLOOD CONTROL DAM AT AUBURN

The U.S. Department of Agriculture, Soil Conservation Service, published a comprehensive soil
survey for Placer County in 1980. The report provides detailed pedological descriptions of each
soil series in the county and limited geotechnical data for each series. The report delineates soils
at a map scale of 1 inch =2000 feet. The Soil Conservation Service prepared a similar report for
El Dorado County in 1974. For El Dorado County, the soils were delineated at a map scale of about
1 inch= 1800 feet.

Both soil surveys were used to compile a detailed and comprehensive soils map for the reservoir
area of the proposed flood control dam at Auburn (Plate 1). To compile these maps, the Placer
County report was used for areas north of the Middle Fork American River and the El Dorado
County report was used for the area to the south. These maps delineate soils at a scale of
1 inch-=2000 feet. Soil series designations from the El Dorado County report were modified
somewhat to conform to the nomenclature presented in the Placer County report.

Soil Series

Soils in the area of the proposed flood control dam at Auburn are divided into ten basic soil series.
Each series defines a group of soils with similar color, texture, structure, thickness, consistency,
soil profile development, and parent material. Soils series in the project area are:

Auburn Boomer Exchequer Horseshoe Inks
Josephine Mariposa Maymen Sites Sobrante

Each soil series is described below. These descriptions include the USCS (Unified Soils Classifi-
cation System) designation for each. USCS designations differ from the Soil Conservation Service
agricultural designations in that the USCS classifies soils on the basis of physical characteristics,
such as grain-size distribution and whether the soils are plastic or nonplastic.

In the USCS, soils composed primarily of particles finer than No. 200 (0.074 mm) sieve size are
classified as fine-grained soils; those composed primarily of particles coarser than No. 200 sieve
size are classified as coarse-grained soils.

Fine-grained soils are divided into silt or clay depending on the soil's plasticity. Nonplastic or
slightly plastic fine-grained soils are classified as silt (ML or MH); plastic fine-grained soils are
classified as clay (CL or CH).

Coarse-grained soils are divided into gravel (GP or GW) or sand (SP or SW), depending on whether
the soil particles are predominantly coarser than or finer than No. 4 (4.75 min) sieve size. If
coarse-grained soils contain greater than 12 percent fine-grained soils, they are classified as clayey
or silty sand (SC or SM) or clayey or silty gravel (GC or GM). In the USCS, particles larger than
3 inches are not considered part of the soil.

Figures 1 through 10 show upper and lower ranges of grain-size distribution for the sand-size
particles for each soil series. The graphs were produced from data in the Soil Conservation Service
reports for Placer and El Dorado counties.
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Auburn Soil Series

The Auburn series is common in the Figure 1 -
lower reaches of the project area. UPPER AND LOWER RANGE OF GRAIN-SIZE DISTRIBUTION FO
These are shallow, well drained AUBURN SOIL SERIES
soils, generally underlain by meta-
volcanic rock at depths of 12 to 28
inches. These soils typically
develop on slopes ranging from 2 to -

70 percent. Coarse-grained frag- 20

ments within the soil profile range 70 -

from few to about 25 percent by
volume and consist of gravels, cob- / 60 --

bles, and larger stones. Contact t50

with the underlying bedrock is : 60

generally abrupt. The USCS desig- 3 7

nation for the Auburn soil series is
typically nonplastic silt (ML).

10 900 -
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0-1 5 qrecle, thon 3 inches Gro, n 5ize in M.1ll et'rs

US C clss col on ML. CLBoomer Soil Series 2o ....... ARC. 000 A... o5. .ASS . ASE ....

The Boomer series is somewhat Figure 2
common in the lower reaches of the UPPER AND LOWER RANGE OF

proposed project area but confined GRAIN-SIZE DISTRIBUTION FOR

mainly to north-facing slopes. The BOOMER SOIL SERIES

Boomer series consists of deep, well ,00 --

drained soils underlain by meta- -- 0
volcanic rock. In the proposed res-
ervoir area, Boomer soils develop
on slopes ranging from 2 to 70 per- 70 30

cent, primarily on deeply weathered 60 -,0
bedrock or older landslide masses. 50

Depth to bedrock ranges from 40 to a°

60 inches, or more. Gravels less _o

than 1 inch in diameter make up 5 30

to 35 percent of the soil by volume, 2 _0

with the volume of gravel increasing
with depth. USCS designations for 1°
the Boomer soil series are lean clay 0 to001 lI

(CL), lean clay-silt (M L-C L), or o0- ,.0 ...... , S'. . n M m•o in"ne......

U SC lsiftinc0 CL,. CL-MI SM. SC. SM-SCclayey sand (SC).o0 ._ ............. _ _._ , _ __.__o,_ _ _ __. .... o_ ___._ _-
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Exchequer Soil Series

The Exchequer series is associated Figure 3
with the Inks series in the project UPPER AND LOWER RANGE OF
area and is found only locally on GRAIN-SIZE DISTRIBUTION FOR
the uppermost slopes near the pro- EXCHEQUER SOIL SERIES

posed damsite. This soil series con-
sists of shallow, somewhat go

excessively drained soils underlain °
by hard andesitic breccia. These 80 20

soils form on the tops and sides of 70

volcanic capped ridges at slopes of
2 to 30 percent. Depth to bedrock I0 -

ranges from 8 to 20 inches. Gravel ;5o 58

and large cobbles cover 1 to 5 ,o 60-

percent of the surface and comprise 3

10 to 25 percent of the soil column. -

The USCS designation for the 20 -

Exchequer series is gravelly -0 90

inorganic silt (ML).
00(: 0 1 10

0rc.n 5.Ze H.,Id,mll eSr
25-500. r~oder hod 3 inches

USC CIoss,fiCtOho ML
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Horseshoe Soil Series

The Horseshoe series is found only Figure 4
at a few locations in the upstream UPPER AND LOWER RANGE OF

* reaches of the project area. The GRAIN-SIZE DISTRIBUTION FOR
soil series consists of very deep, HORSESHOE SOIL SERIES
well drained soils that formed on ,00 -

old alluvial river deposits of mixed
sources. The older alluvium is high 90 /
in content of gravel and cobble- 80 - -20

sized quartz, chert, and other resis- 0 -0

tant minerals and rock types. 6 -

Slopes range from 2 to 30 percent. o 50

USCS designations for the Horse- - - "
shoe series are clayey sand (SC), 6 4-- 60

silty sand-clayey sand (SM-SC), 30 - 70

clayey gravel (GC), silty gravel-
clayey gravel (GM-GC), and lean 20. -80

clay (CL) 10 - r

0- - - _4 100
001 01 10
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Inks Soil Series

The Inks series is associated with Figure 5
the Exchequer series in the project UPPER AND LOWER RANGE OF
area. The Inks series consists of GRAIN-SIZE DISTRIBUTION FOR
shallow, well drained soils under- INKS SOIL SERIES

lain by andesitic conglomerate at 100 0
depths of 12 to 20 inches. Slopes 90

range from 2 to 50 percent. Inks 92 '
soils typically contain coarse frag- 80
ments from 15 to 50 percent. 70 30

USCS designations for the Inks '
series are silty gravel (GM), silty 60 ,
sand (SM), silty gravel-clayey 5o -50

gravel (GM-GC), silty sand-clayey ,0 -- _o

sand (SM-SC), clayey gravel 7

(GC), and clayey sand (SC).
20 8

10-9

0010
6001 0'1 1-0

25-55% greater than 3 innheGCroin Sie in Milh eer,
USC C0OtSific'tion CM. CC. CM-GC. SM. SM-SC
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JosqeTe hine Soil Series

The Josephine series is associated Figure 6
with the Mariposa series and is UPPER AND LOWER RANGE OF
found only in a small area in the GRAIN-SIZE DISTRIBUTION FOR
middle reaches of the project area. JOSEPHINE SOIL SERIES

Josephine soils form primarily on 100 --

south-facing slopes and are deep, 15

well drained soils underlain by
weathered metamorphic bedrock
or old landslide masses on slopes 70 30

of 2 to 70 percent. Depth to soft,
strongly weathered metamorphic IA
rock ranges from 40 to 60 inches, S . 5

or more. The series often contains 40 -- _60

5 to 15 percent gravel less than
1 inch in diameter and occasionally
contains cobbles. USCS designa- 20 -

tions for the Josephine series are 10

silt (ML) and silty sand (SM). 0 hn0
001 0.1 110

0-104 Qgeater th in 3 cnches Groin Size n Millimeters
USC clOisificoaon ML, SM
Mop -nits MJD. MWE

0
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Mariposa Soil Series

The Mariposa series consists of Figure 7
shallow to moderately deep, well UPPER AND LOWER RANGE OF
drained soils underlain by highly GRAIN-SIZE DISTRIBUTION FOR

fractured, vertically foliated schist MARIPOSA SOIL SERIES

or slate in the middle reaches of the
project area. Depth to weathered
slate or schist ranges from 15 to 35
inches. Gravel and cobbles com- 0 20

prise about 15 to 30 percent of the 70 -0

soil column by volume. USCS des- _ -6 .40 z_

ignations for the Mariposa series
are silty sand (SM), silty gravel A5
(GM), silty sand-clayey sand (SM- 40 ._
SC), clayey sand (SC), clayey _ _0

gravel (GC), and silty gravel-
clayey gravel (GM-GC). 20 -

to 9

U cc" cc , f c c.,r•: 0. S C-S SC. sc. C.. " C. 0-
LJc SC. CY.3 C-c MRS. 5

Maymen Soil Series

The Maymen series consists of Figure 8
shallow, somewhat excessively UPPER AND LOWER RANGE OF

drained soils underlain by hard GRAIN-SIZE DISTRIBUTION FOR

metamorphic rock. These soils are MAYMEN SOIL SERIES

found in the uppermost reaches of 0
the project area. The series devel- 90 - 1

ops on slopes ranging from 9 to 75
percent and forms a veneer over
hard slate about 8 to 20 inches 0 ' -

thick. Gravels and cobbles are 15 M 60

to 30 percent of the soil profile by -

volume. USCS designations for the
Maymen series are silty sand (SM) .60

and silty gravel (GM). 30 r- 7

20-

00, 0 10

0-5% gccccec icoc S-1e 5- t~cllmeters

USC c oss
3 
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Sites Soil Series

The Sites series is found at only a Figure 9

few scattered locations on the up- UPPER AND LOWER RANGE OF
per slopes of ridges in the middle GRAIN-SIZE DISTRIBUTION FOR
reaches of the proposed reservoir SITES SOIL SERIES

area. The series consists of deep, .-.. ... .. .
well drained soils underlain by 9 -0 -]0,

slate, schist, intrusive igneous
rock, or old landslide masses. The -0 -0

soil develops on slopes ranging 0 .30o

from 2 to 50 percent. Depth to soft - - 40

schistose rock ranges from 40
inches to more than 7 feet and is 50 L 10
more than 60 inches in most areas. 40 - 60

The soil profile contains 5 to 30 30 - - 0

percent gravel or gravel-size frag- - 80

ments of slate. USCS designations 2i- 1 -o
for the Sites series are silt (ML), 0-- - - o
lean clay (CL), and elastic silt 0 11- 1.00
(M H). oo, o - ,0

USC ¢los-f- n: CL. ML M
Map t soz

Sobrante Soil Series

The Sobrante series is associated Figure 10

primarily with other soil series in UPPER AND LOWER RANGE OF

the downstream reaches of the pro- GRAIN-SIZE DISTRIBUTION FOR

ject area and consists of moderately SOBRANTE SOIL SERIES

deep, well drained soils underlain --o - -

by mafic schist on slopes of 2 to 70 9

percent. Depth to bedrock ranges °
from 22 to 40 inches. Coarse frag- -0 - 20

ments are 3 to 15 percent of the soil 70 30- -

column by volume. Most of these 6 6

fragments are either near the sur-
face or directly above bedrock. 50 ..... -5

USCS designations for the ,o 40-- 6

Sobrante series are silt (ML), lean 30 _ o
clay (CL), and lean clay-silt (CL- -)1

M L). 10 10

0001 011
0U 0) ge te' thon 3 inche nS

USC acsslhcoton: ML CL. CL-ML
Mo ;Is ASD. ASRO RE, ASRF
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Riverwash and Rock Land

* In addition to the soil series described above, Plate 1 identifies areas of river alluvium (Riverwash)
and large rock outcrop areas (Rock land).

Riverwash occurs in and adjacent to the North and Middle Forks of the American River. The
material is highly stratified stoney and bouldery sand, which is subject to scour and deposition
depending on streamflow velocities and stream bedload. Riverwash material is typically barren of
vegetation.

Areas identified as Rock land are outcrops of highly resistant metamorphic rock, andesite, and
serpentinite. These rocks crop out mainly on steep to very steep slopes that break into major drainage
ways. About 10 to 50 percent of the rock outcrops are covered with a very thin mantle of soil.

Soil Series Gradations

The grain-size distribution curves (Figures 1 through 10) show that Auburn, Exchequer, Sites, and
Sobrante soil series are fine-grained soils. Soils of all four are primarily nonplastic silts, although
Auburn, Sites, and Sobrante soils grade locally to a clay of low to medium plasticity. The Mariposa,
Maymen, and Inks series are all coarse-grained soils but contain a relatively high percentage of
plastic or nonplastic fine-grained soils. The Horseshoe, Josephine, and Boomer series vary from
fine-grained to coarse-grained soils that contain a high percentage of plastic or nonplastic
fine-grained soils.

Examination of the grain-size distribution curves shows soils in the downstream reaches of the
proposed reservoir site are distinctively different than those in the middle and upstream reaches.
Soils in the downstream reservoir reaches are consistently more fine-grained than soils in the middle
and upstream reaches.

Soil Complexes

At several places in the proposed project area, individual soil series occur in such small and intricate
patterns that they cannot be shown separately at the map scale. Soils in these areas are grouped and
identified as a soil complex by the Soil Conservation Service. Within the project area, 10 soil
complexes are shown on Plate 1. These are:

Auburn-Rock outcrop Auburn-Sobrante silt loam
Auburn-Sobrante-Rock outcrop Boomer-Rock outcrop
Horseshoe-Rubble land Inks-Exchequer
Mariposa-Josephine Mariposa-Rock outcrop
Maymen-Rock outcrop Sites-Rock outcrop

A uburn-Rock Outcroop Complex

The Auburn-Rock outcrop complex consists of 60 percent Auburn soils and 15 percent metamorphic
rock outcrop. The remaining 25 percent is composed of Sobrante silt loam and Boomer loam, mainly
on side slopes facing north and east. Rock outcrop areas consist of hard metavolcanic rock, schist,
or slate covering areas up to 100 square feet. Some outcrops are 1 to 2 feet high.
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North Fork American River near the confluence with the Middle Fork.
Auhurn-Sobrante-Rock Outcro Iomlex on the left slopeý Boomer-Rock Outcrop on the right slope.

Auburn-Sobrante Silt Loam on ýlopcs adjacent to the Middle Fork Anwric:ai Ri\ cr.
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Auburn-Sobrante Silt Loam

The Auburn-Sobrante silt loam complex is composed of 50 percent Auburn soil and 40 percent
Sobrante soil. About 8 percent of the unit includes areas of Boomer loam, mainly on the north- and
east-facing slopes, and 2 percent is scattered rock outcrops.

Au hurn-Sobrante-Rcck Outcrop Complex

The Auburn-Sobrante-Rock outcrop complex is composed of areas underlain by 30 to 45 percent
Auburn soil, 25 to 30 percent Sobrante soils, and 12 to 20 percent metamorphic bedrock outcrop.
The remaining 13 to 25 percent is composed of Boomer soils, primarily confined to sideslopes
facing north and east. The metamorphic bedrock outcrops cover areas up to 500 square feet and
commonly stand 1 to 2 feet high. The percent of exposed metamorphic rock in this complex increases
on steeper slopes.

Boomer-Rock Outcrop GConplx

The Boomer-Rock outcrop complex is about 55 to 60 percent Boomer soil and 10 to 15 percent
metamorphic rock outcrop. About 5 to 10 percent of the unit includes areas of Josephine loam, 10
to 15 percent Sobrante loam, 0 to 5 percent Sites loam, and 5 to 10 percent Auburn silt loam. Rock
outcrop consists of areas of scattered hard metamorphic rock 1 to 2 feet high. Some .f the rock
outcrops cover areas of 100 square feet or more.

Bte soil serie on sh.t OlJcs ad iaccn¶ 1o thc M iddle Fork A nc rica,, River
Aubu rn--Sobra Ok' sil Io a nl inl lt reground.
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Horseshoe-Rubble Land Complex

The Horseshoe-Rubble land complex develops on Tertiary age river terrace deposits and their
sideslopes. The unit is about 45 percent Horseshoe soil and 40 percent rubble land. The Horseshoe
soil adjoins and is often isolated by deep, vertically walled hydraulic mine pits. Rubble land is the
material left in the bottom of the pit. The remaining 15 percent of the unit is composed of Josephine
soils.

Inks-Exchequer Complex

The Inks-Exchequer complex is about 40 percent Inks soil and 30 percent Exchequer soil. About
20 percent of the soil is similar to the Exchequer soil but is either shallow or has a loam subsoil.
About 10 percent of the unit includes areas that are similar to the Inks soil but that lack cobbles in
the subsoil and are 12 to 26 inches deep to bedrock.

Mariposa-Josephinie Conplex

The Mariposa-Josephine complex is about 55 percent Mariposa soil and 35 percent Josephine soil.
Generally, the Mariposa soil is on the ridges and sharp breaks, and on south- and west-facing
sideslopes. In some places Josephine soil develops on concave slopes. In other places it occupies
smooth north- and east-facing sideslopes. About 8 percent of the unit includes areas of Sites soils,
and 2 percent is scattered areas of rock outcrops.

Mariposa-Rock OutcropCa2mplex

The Mariposa-Rock outcrop complex is composed of about 60 to 65 percent Mariposa soil and 10
* to 15 percent scattered outcrops of metamorphic rock. Some rock outcrops are larger than 1/2 acre.

About 10 to 15 percent of the unit is Josephine loam, 5 to 10 percent is Maymen gravelly loam,
and 5 percent is Sites loam.

Mqymen-Rock OutcrfQ[) Coniplex

The Maymen-Rock outcrop complex is 45 to 50 percent Maymen soils and 20 to 25 percent rock
outcrop. About 25 percent of this unit includes areas of Mariposa gravelly loam, and 5 percent is
Josephine loam. Rock outcrops occur in scattered areas of exposed metamorphic rock, and some
outcrops cover more than 5 acres.

Sites-Rock Outcrop Complex

Sites-Rock outcrop complex is about 60 percent Sites soils and 15 percent metamorphic rock
outcrop. The unit includes areas of about 15 percent Josephine loam, 5 percent Mariposa gravelly
loam, and 5 percent a soil similar to the Sites soil but 30 to 40 inches deep.

13



Slope Designation

On Plate 1, both soil series and soil complexes are further subdivided based on slope. The last letter
in the soil series or complex designation identifies the percent slope on which the soil occurs. The
percent slopes are designated as follows:

Letter Percent
Designation Slope

A Nearly level
B < 9 percent
C < 15 percent
D < 30 percent
E < 50 percent
F < 70 percent

Example: BD = Boomer soil series on slopes of 30 percent or less.

Examination of Plate 1 shows that almost all the side slope soils in the proposed project area are
on slopes ranging from 50 to 70 percent. Figure 11 shows typical slopes at several sections across
the reservoir area.

Soils Within the Inundation Zone of the
Proposed Flood Control Dam at Auburn

Not all the soil series or soil complexes in the project area lie within the inundation zone for the
proposed 200- or 400-year flood control dam. Table 1 shows soil series and soil complexes in the
project area and the approximate percentage of each that would be within the inundation zone.
These percentages were estimated by planimetering the total area of each soil series or soil complex
and dividing each by the total inundation area for the 400-year flood control dam. The inundation
zone was defined as all areas upstream from the proposed dam and below elevation 942. The
percentages are roughly identical for the 200- and 400-year reservoirs.

"Table I shows that Riverwash and Rock land occupy more than 35 percent of the inundation zone
for the proposed 200- and 400-year flood control dam. The Riverwash soils lie on the canyon floors
and are continually being reworked by both forks of the American River. Rock land is an area of
hard metamorphic rock outcrop. Neither unit should be affected by periodic inundation.
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Figure 11
TYPICAL CROSS SECTIONS OF THE CANYON IN THE AREA OF THE

PROPOSED FLOOD CONTROL DAM AT AUBURN
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Figure I I (continued)
TYPICAL CROSS SECTIONS OF THE CANYON IN THE AREA OF THE

PROPOSED FLOOD CONTROL DAM AT AUBURN

140 - NORTH FORK, AMERICAN RIVER 140 o

SFARIOITHOL.)RIG

6,100 MIDDL FRORK AMERIA FRETIVE RIDGE

12oo -...

_oo

s o. - SOD

600 -
- 6D6

c oo 400 60 000 0000 t200 l0. 1 60o 000 l000 Bodo 00 4000 2600

STATIONING (FT.)

I00oo MIDDLE FORK, AMERICAN RIVER 0000

8,000' U0S, FROM THE FORESTHILL BRIDGE

0 200¢ 000 600 900 t0 w 0200 1000 0600 e00 o 2000 220 20040 2000 2000 6)00 2o 3oo 30 38 0o

STATIONING (FT.)

000 NORTH FORK, AMERICAN RIVER 0000o

16,50O0' US. FROM THE FORESTHILL BRIDGE

200 

-200

> . -o B CDo

S900 - co

6000 0600 

460

0 20 09 600 SD0 0o0o 12D 0 0 1 60 , 18oO1 2 20 2400 2602000 30 3. i 0 6

STATIONING (FT.)

NNORTH FORK, AMERICAN RIVER OEoS

10,000- . ,SFROM THE FORESTHILL BRIDGE / t

S1ooo 1o~ o

SBCD - Go o

S6©0D 
6DD

STATIONING (FT.)

All cross sections are oriented looking downstream.
N HOTES:

All elevations and distances are taken from USGS 7.5-minute quad maps._________Water surface at the spillway elevation for the proposed 200-year facility.____Water surface at the spillway elevation for the proposed 400-year facility.

16



Table 1
SOIL SERIES AND SOIL COMPLEXES WITHIN THE INUNDATION ZONE FOR THE

PROPOSED 200- AND 400-YEAR FLOOD CONTROL DAMS AT AUBURN

Percent of
Total Inundation Area
By Soil By

Soil Series or Complex and Slope• ___an___.Soil

AC Auburn, silt loam, 2-15% slopes

ARD Auburn, rock outcrop complex, 2-30% slopes 0.4
ARE Auburn, rock outcrop complex, 2-50% slopes 2.8
ARF Auburn, rock outcrop complex, 2-70% slopes 3.2 6.4

ASD Auburn, Sobrante silt ioams, 15-30% slopes

ASRD Auburn, Sobrante, rock outcrop complex, 2-30% slopes 0.6
ASRE Auburn, Sobrante, rock outcrop complex, 30-50% slopes 1.8
ASRF Auburn, Sobrante, rock outcrop complex, 50-70% slopes 23.7 26.1

BA Boomer loam, 2-5 % slopes -
BD Boomer loam, 15-30% slopes 0.6 0.6

BRD Boomer, rock outcrop complex, 5-30% slopes 0.3
BRE Boomer, rock outcrop complex, 30-50% slopes 3.5
BRF Boomer, rock outcrop complex, 50-70% slopes 10.9 14.7

HRD Horseshoe, rubble land complex, 2--30% slopes

HRE Horseshoe, rubble land complex, 30-50% slopes

IE Inks, cobbly loam, 30-50% slopes

IED Inks, Exchequer complex, 2-25 % slopes

MD Mariposa, gravelly loam, 5-30% slopes

MJD Mariposa, Josephine complex, 5-30% slopes
MJE Mariposa, Josephine complex, 30-50% slopes 0.4 0.4

MRE Mariposa, rock outcrop complex, 5-50% slopes 0.2

MRF Mariposa, rock outcrop complex, 50-70% slopes 8.8 9.0

MYRF Maymen, rock outcrop complex, 50-75 % slopes 5.7 5.7

SRE Sites, rock outcrop complex, 15-50% slopes 0.6 0.6

RI Rock land 8.3 8.3

R Riverwash 27.7 27.7

Quarry and Rubble land 0.6 0.6
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O SOIL STABILITY

Several factors determine stability of soils in the reservoir area for the proposed flood control dam:

"n Slope on which the soil resides,
"* Overall shear strength of the soil,
"* Thickness of the soil column,
"* Unit weight of the soil, and
"* Degree of saturation.

The forces attempting to mobilize the soil mass downhill are directly proportional to the slope, unit
weight, and thickness of soil. The shear strength developed along the failure surface provides
resistance to this driving force and attempts to keep the soil in place. When the driving force exceeds
the resisting force, the soil mass will mobilize.

When the soil mass on the hillside becomes saturated, its stability is affected in two ways.

"• First, the intergranular neutral stress exerted by the water reduces the overall shear strength along
the failure surface.

"• Second, the additional weight of water filling the soil's pore spaces increases the overall weight
of the soil mass and, thus, increases the down-slope driving force.

As the soil mass drains, the intergranular neutral stress is reduced, increasing the shear strength
along the failure surface, and the unit weight of the soil decreases, reducing the down-slope driving

O force.

The numerous shallow slope failures that resulted from the Auburn cofferdam failure in 1986 suggest
that, of all the factors discussed above, the degree of saturation was probably the most critical factor
with respect to the soil's stability. When water was stored in the reservoir before the cofferdam
failed, all the soils below the high water elevation were probably totally saturated. Although the
shear strength of the soil was reduced by the saturation, the loss in shear strength was offset by a
reduction in the unit weight of the soil column from buoyancy. When the dam was breached by
floodwaters, the reservoir drained in less than an hour (J. Burke, U.S. Bureau of Reclamation,
personal communication), not allowing enough time for the soils to drain. Therefore, almost
completely saturated soils were exposed on the hillsides. The sudden increase in unit weight because
of loss of buoyancy, and the decrease in shear strength because of the soil's saturated condition
most likely initiated the failures.

Under normal operation of the proposed flood control dam, stability of soils in the reservoir area
will probably be directly related to the rate at which the soil column drains in relation to the rate
the reservoir lowers (vertical phreatic lag). Soils that drain almost as fast as the drop in reservoir
head will remain stable; soils that have a long vertical phreatic lag will probably mobilize if they
are on steep enough slopes.

To estimate the vertical phreatic lag that would be required to mobilize soils in the reservoir area
(critical phreatic lag), the height of slide scars that resulted from the 1986 cofferdam failure were
measured and evaluated. The slide scars represent the failure surfaces along which the soil mobilized
in a totally saturated condition. Slide scar heights were estimated from maps (scale 1 inch = 2,000
feet), provided by the U.S. Army Corps of Engineers, that show many of the slope failures resulting

O from the 1986 cofferdam breach. Slope failure that could be directly attributed to undercutting of
the soil mass were excluded from the evaluation. The scar height was assumed to be roughly half
the total vertical distance from the toe of the displaced soil mass to the top of the scar. A more
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refined estimate could not be made because the Corps of Engineers mapping included both the slide
scar and displaced soil mass as one unit.
Figure 12 presents the scar height data in Figure 12 O
the form of a histogram. It can be concluded HISTOGRAM OF SLOPE FAILURE SCAR HEIGHTS
from these data that soils in the inundation FOLLOWING FAILURE OF AUBURN COFFERDAM
zone should remain stable as long as the
vertical phreatic lag in the soil column does
not exceed about 35 feet. Figure 12 also
shows that most scar heights in the reservoir
area were in the 50- to 120-foot range, so
concluding that slope failures would occur -

with as little as a 35-foot phreatic lag is
conservative.

To evaluate how normal operation of the
proposed flood control dam at Auburn
would affect stability of the soils, calculated
drainage rates of the reservoir soils were
compared with drawdown rates for the res-
ervoir. Based on reservoir drawdown
curves provided by the U.S. Army Corps
of Engineers for a 200-year and 400-year
flood control dam, the drawdown rateswere determined as shown in Table 2.

Average drawdown rate was determined by
the total change in reservoir head divided
by the total time necessary to evacuate the
reservoir. Maximum drawdown rates were
determined by calculating the maximum
slopes of all drawdown curves provided by
the Corps of Engineers. In almost every case,
the maximum drawdown rate for the reservoir occurs after it has receded to less than half its peak
value. For comparison, the average drawdown rate in the reservoir behind the cofferdam after it
failed was greater than 200 feet/hour.

Table 2
RESERVOIR DRAWDOWN RATES FOR

PROPOSED 200- AND 400-YEAR FLOOD CONTROL DAMS AT AUBURN
(feet/hour)

Year Storm400-Year Facility_ . . 400 00 50 5_ __1

Average Drawdown 0.97 1.06 1.14 1.13 1.06 1.65
Maximum Drawdown 1.26 1.61 1.92 1.67 1.22 1.92

Year Storm
200-Year Facility_ _ 200 100 50 25 10

Average Drawdown 1.91 2.06 2.32 2.91 4.33
Maximum Drawdown 3.75 3.75 3.49 4.17 6.60

o
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GROUND WATER FLOW MODEL

To estimate the vertical phreatic lag that would occur in the reservoir soils as a result of receding
reservoir levels, the U.S. Geological Survey's 3-dimensional finite-difference ground water flow
model MODFLOW (McDonald and Harbaugh, 1983) was used to evaluate soil drainage. Most
sideslope soils in the area are on slopes ranging from 50 to 70 percent, so two models were
developed, one for soils on 70 percent slopes and one for soils on 50 percent slopes. Both models
simulate unconfined gravity flow in a sloping soil column that would result from reservoir lowering.
Both models represent an average soil column along a 3-1/2-foot-high section of slope. Figures 13
and 14 show the discretization of cells for the two models.

Soils on 50 percent slopes were modeled with a single row of 143 cells. Each cell is 1 inch square
horizontally, with its bottom elevation specified in a stair-step fashion to approximate a 50 percent
slope between the soil and the underlying rock. In the simulation, it was assumed that no water
moved into or out of the rock. The initial head in cells 1-59 was set at a constant value to represent
the horizontal phreatic surface caused by the reservoir when it crests. The initial head in cells 60-142
was reduced incrementally in a stair-step fashion to approximate a 30-inch column of saturated soil
above the rock. The head in the last cell was held constant through the simulation to provide drainage
for the model.

To intercept and account for water that would drain to the sloping portion of the ground surface,
a series of high conductance model drains was specified at the initial head elevation in the last 84
cells. The model simulates 2 hours of drainage under transient conditions. Heads for each cell were
printed at each 10-minute time-step to evaluate changes in drainage over time.

* The 70 percent slope model was implemented in the same way, except that only 102 cells were
needed and proportionally more cells were used to model the sloping portion of the soil column
and fewer cells were used to model the horizontal phreatic surface.

Soil Permeability

Permeability values used in the models were taken from the Soil Conservation Service reports for
Placer and El Dorado counties. Table 3 summarizes the permeability ranges for sideslope soils
within the inundation zone for the 200- and 400-year flood control dam. Sideslope soils within the
inundation zone fall within two permeability ranges that average 0.0233 inches per minute for the
higher permeability Auburn, Mariposa, Mayman, and Sobrante soil series and 0.0066 inches per
minute for the lower permeability Boomer, Sites, and Josephine soil series. The storage coefficient
for all soil series used in both models was 0.03.

Table 3
PERMEABILITY OF SOIL SERIES IN THE AREA OF THE

PROPOSED FLOOD CONTROL DAM AT AUBURN
(inches/minute)

0.033 to 0.010 0.010 to 0.0033

Auburn Boomer
Mariposa Sites
Mayman Josephine
Sobrante
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Figure 13
DISCRETIZATION OF 50 PERCENT SLOPE MODEL

70 0
60

" > 40

-30

100

10

0 0o U0 30 I0 0. 6 70 0 90 t00 110 020 130 140

CELL NUIMBER

NOTES:
Top elevation of each cell indicates the initial head used for each cell in the model.

Drains for cells 60 to 142 were set at the initial head elevation for each cell.
Cell 143 is specified as a constant head cell in the model.

Figure 14
DISCRETIZATION OF 70 PERCENT SLOPE MODEL
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Model Results

The percentage of drainage was determined by dividing the total volume of unsaturated soil by the
total model volume above the specified constant head. Results for both models are summarized on
Figures 15 and 16. The model outputs are on file with the Geology and Ground Water Section,
Central District, California Department of Water Resources.

In the 50 percent slope model, the higher permeability soils drained about 50 percent at the end of
the 2-hour simulation. For the lower permeability soils, only about 15 percent of the soil column
had drained during the same period.

During the 2-hour simulation period with the 70 percent slope model, the soil column for the higher
permeability soils had drained about 70 percent and for the lower permeability soils had drained
only about 45 percent.

An evaluation of the volumetric budget from the model revealed that for the 50 percent slope model,
about 2 percent of the total drainage occurred as a result of seepage from the soil to the sloping
ground surface for the higher permeability soils. This value increased to about 9 percent for the
lower permeability soils. In the 70 percent slope model, no surface seepage occurred for either the
higher or lower permeability soils.

Results from the model show that the average vertical drainage rate for the higher permeability
soils is about 0.7 foot per hour on 50 percent slopes and about 0.8 foot per hour on 70 percent
slopes. These higher permeability soils include the Auburn, Mariposa, Maymen, and Sobrante soil
series, which comprise about 50 percent of the soils series within the inundation zone. Vertical
drainage rates were estimated by subtracting the average model head after 1 hour from the average
model head after 2 hours.

* If the proposed flood control reservoir is drawn down at or less than this rate, then little or no
vertical phreatic lag should develop in the soil column. If no vertical phreatic lag develops, the
soils will remain stable. The drawdown rate probably can be increased somewhat, to about 1 foot
per hour, without causing soil stability problems because there would be insufficient time for the
vertical phreatic lag to reach a critical value before the reservoir was completely drained.

A more precise maximum drawdown rate - one that will not exceed the critical phreatic lag value
- cannot be computed until detailed field studies are completed to accurately measure representative
permeabilities for each soil series in the inundation zone.

The model also shows that the drainage rate for the lower permeability soils is much slower
about 0.4 foot per hour on 50 percent slopes and about 0.5 foot per hour on 70 percent slopes. The
lower permeability soils in the inundation zone include the Boomer, Josephine, and Sites soil series,
which comprise about 15 percent of the inundation zone.

The proposed average drawdown rates for a 400-year flood control dam are very near the estimated
maximum 1 foot per hour maximum value determined for the higher permeability soils, so they
should remain stable under these drawdown conditions. Proposed drawdown rates for a 200-year
flood control dam are nearly twice those of the 400-year dam, so soil stability might be a problem
under these drawdown conditions. The drainage rate for the lower permeability soils is such that,
at drawdown rates specified for the 200- or 400-year flood control dam, they would soon exceed
the critical phreatic lag value and would probably mobilize.

During preliminary engineering and design, all factors that affect soil stability in the inundation
zone will need to be evaluated more closely to properly size the outlet to achieve an optimum

* drawdown rate to preclude widespread soil instability within the reservoir.
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Figure 15

SUMMARY OF 50 PERCENT SLOPE MODEL RESULTS
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Figure 16 0
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* FIELD OBSERVATIONS

Field observation in the Auburn cofferdam reservoir area provided some confirmation of model
results.

In the upper portions of the reservoir, where effects of the very rapid drawdown were probably at
a minimum, nearly all the higher permeability Auburn series soils had remained stable following
reservoir inundation and drawdown. Where slope failures were seen in Auburn soils they could be
attributed to undercutting the toe of the soil mass.

The lower permeability Boomer soils examined did experience some distress as a result of reservoir
inundation and rapid lowering. Near the high water level, which was marked by a driftwood line,
prominent scarps developed as the soil and underlying regolith (older landslide material) moved in
a rotational manner downslope. The estimated maximum movement was less than 50 feet. At this
point it is unclear whether the movement occurred as a result of reactivation of the older landslide
mass or failure of the Boomer soils that develop upon it. Further exploration would be needed to
clarify this issue. Although the Boomer soils and underlying regolith showed a tendency to move,
it is important to remember that they move on their own when saturated by prolonged heavy rainfall.
Many trees on the Boomer soils had curved trunks, indicating movement of the soil mass had
occurred prior to inundation by the cofferdam reservoir and sometime after the trees had become
established. Ironically, conditions that would impound water behind the flood control dam are the
same conditions that would probably cause the Boomer and similar low permeability soils to move
on their own.

* The Fish and Wildlife Service report concluded that wavewash would contribute to removal of soils
from the reservoir area. Inspection of soils near the 1986 driftwood line found no evidence of soil
removal by wavewash. Although there is some potential for wavewash to occur, the reservoir should
not be held at any one elevation long enough to allow any significant soil removal. Moreover, the
natural vegetative cover should provide some limited riprap effect to repress infrequent wavewash
erosion. Soil formation and soil downslope migration in the reservoir are dynamic processes. Soil
that may be removed by the very infrequent inundation probably would be replaced over time by
natural soil migration and formation processes.
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CONCLUSIONS AND RECOMMENDATION

Following are conclusions resulting from these evaluations of soils and soil stability for the proposed
flood control dam at Auburn.

"* The 10 soil series in the area of the proposed flood control dam are: Auburn, Boomer, Exchequer,
Horseshoe, Inks, Josephine, Mariposa, Maymen, Sites, and Sobrante.

"* Of these 10 soil series, 7 are found in the inundation zone for the proposed 200- and 400-year
flood control dam: Auburn, Boomer, Josephine, Mariposa, Maymen, Sites, and Sobrante.

"* The Auburn, Sites, Sobrante, and Exchequer soil series are fine-grained soils. The Mariposa,
Maymen, and Inks soil series are coarse-grained soils. The Boomer, Josephine, and Horseshoe
soil series very from fine-grained to coarse-grained soil. All coarse-grained soils in the project
area contain a high percentage of fine-grained soil.

"* Permeability of all the soils in the inundation zone for the proposed 200- and 400-year flood
control dam fall into two ranges: a relatively higher permeability range of 0.033 to 0.010 inches
per minute for the Auburn, Mariposa, Maymen, and Sobrante soil series; and a lower permeability
range of 0.010 to 0.0033 inches per minute for the Boomer, Sites, and Josephine soil series.

"* Results of a computer model to simulate drainage of a soil column indicate that the higher
permeability soils drain under gravity at a rate ranging from 0.7 foot per hour on 50 percent
slopes and 0.8 foot per hour on 70 percent slopes. The simulation also indicated that soils in the
lower permeability range drained more slowly, 0.4 foot per hour on 50 percent slopes and 0.5
foot per hour on 70 percent slopes. Additional data and analysis are needed to further analyze
the drainage rates of soils in the inundation zone.

"* About 35 percent of the reservoir area is rock or riverwash materials that will not be affected by
periodic inundation. About 50 percent of the reservoir is veneered with higher permeability soils
that should remain stable at drawdown rates specified for a 400-year flood control dam. The
stability of these same soils is suspect at drawdown rates specified for a 200-year dam. Stability
of the remaining 15 percent of reservoir soils, which are lower permeability, is also suspect at
drawdown rates specified for either the 200- or 400-year flood control dam. Additional testing
and analysis will be needed to further evaluate the stability of all soils series within the inundation
zone.

"* Wavewash should not be a serious problem with respect to removal of soils in the inundation
zone for the proposed reservoir.

During preliminary engineering and design, field and laboratory testing of each soil series should
be done to verify results of the modeling and determine an optimum drawdown rate in the reservoir
to maximize soil stability. This analysis should include additional ground water flow modeling
coupled with conventional slope stability analyses.

0
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Plate 1
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FLOOD CONTROL DAM

AMERICAN RIVER WATERSHED INVESTIGATION, CALIFORNIA

SPECIAL AGGREGATE STUDY

1. Purpose and Scope. - This special aggregate study was prepared to answer
questions related to extraction of aggregates from the Middle Fork of the
American River for the flood control dam portion of the American River
Watershed Investigation. It has been determined that the impacts of aggregate
extraction from the Middle Fork of the American River requires expanded
description in the EIS. In order to address these impacts, a list of
questions were compiled for response. Those questions were as follows:

RIVER BAR SOURCE
Aerial extent and depths of extraction at each bar site
Description of excavation equipment, methods and procedures
Location of non-useable material stockpiles at the bars
Location and aerial extent of access roads to each bar

PROCESSING
Location and aerial extent of transport and processing facilities
Description of processing facilities and operations

* Location of sand source

ALTERNATE SOURCES
Information on why Lake Clementine is not a feasible source
Aerial extent and potential sites of quarry source
Potential access routes to a quarry
Possible methods of quarry remediation
Possible methods of extraction and transport
Information on other aggregate sources and discussion of material

suitability of these sources

This report comprises the response to these questions, The scope of this
report is limited to the questions developed. Information for this report was
obtained from the files and reports compiled by the Bureau of Reclamation
(USBR) from 1967 to 1981, as part of their aggregate studies for a concrete
dam at Auburn, from discussion with a variety of construction industry
representatives, and from the Reconnaissance Report, dated January 1989,
titled "Concrete Materials and Roller Compacted Concrete Dam Considerations",
Chapter 6 of this appendix.

2. Project Background. - The most recent information on concrete aggregates
for the dam project is contained in the January 1989 Concrete Materials
Reconnaissance Report, Chapter 6. Much additional study remains to be done
for this project. The information in this report is based on a 200-year level
of protection for the American River requiring a 425-foot-high roller
compacted concrete (RCC) dam, containing about 5 million cubic yards of
concrete. Approximately 6,760,000 cubic yards of aggregate (or 9,125,000

* tons) will be required to produce 5,000,000 cubic yards of RCC.
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3. Middle Fork American River Bars. - Described in this paragraph is
information on the Middle Fork American River bars, quantities of aggregate in
each bar, the extent of planned excavation, methods and procedures for
excavation, disposal of waste material, control of water turbidity and access
to the bars. The Middle Fork bars are entirely Government owned.

a. Previous Studies. - The USBR in the 1960's began investigating the
sand and gravel bars along the Middle Fork American River as a potential
source of concrete aggregate for a multi-purpose Auburn Dam project. These
deposits lie along an approximate seven mile reach of the River starting about
five miles upstream of the proposed damsite at Mammoth Bar and ending at
Cherokee Bar. The preliminary report on these deposits was published by the
USBR in 1967. The scope of the investigation was rather limited and consisted
of a compilation of historical data from gold dredger operations along the
River during the early to mid-1900's, as well as a few dozer pits in Mammoth
and Browns bars. Based on this data, the USBR estimated the total quantity of
pit run sand and gravel to be in excess of 8 million cubic yards.

Further studies of these deposits were conducted by the USBR in 1967,
with the results published in a 1968 report. The investigations consisted of
35 pits excavated from Mammoth to Poverty Bars with a track mounted dragline
shovel equipped with a 2.5 cubic yard bucket, shown in Photo 17 and 18.
Additional pits were excavated in Cherokee Bar with a D-8 Dozer. These
deposits were described in the report as "...a homogenous mixture of
reasonably well-graded clean sand and gravel. The total silt content may
range from four to six percent in a greater portion of the bars." The
materials are generally free of overburden, but may have localized deposits of
silt, wood debris and vegetation. Based on the results of a seismic 0
refraction survey conducted during the study, the depths to bedrock in the
bars were generalized as follows: (1) Mammoth and Kennebeck 40-90 feet; (2)
Texas, Brown and Poverty 30-40 feet; and (3) Hoosier, Buckeye, Philadelphia
and Cherokee 10-20 feet. The seismic velocities through the sand and gravel
bars were in the range of 1200-2500 fps, which indicates the deposits are
rather loose and unconsolidated. The exposed gravel bars along the Middle Fork
were estimated to cover an area in excess of 180 acres, which could yield
approximately 6.9 million cubic yards. Materials within the River channel
could yield another 1.0 million cubic yards.

Additional mapping and explorations of the bar deposits were done during
the period between 1968 and 1970 with the results published in a 1976 addendum
to the 1968 report. The explorations consisted of 148 holes which were
excavated with a pneumatic clamshell digger, from Mammoth to Cherokee bars. A
38-inch diameter casing was driven as the holes were advanced, which permitted
sampling and logging of the deposits down to bedrock. No additional studies
of any consequence have been done of the channel deposits along the Middle
Fork American River since the completion of the 1976 report by the USBR
(confirmed by a conversation with Jim Oliverson who was the chief investigator
for the aggregate studies at Auburn and also by a review of the correspondence
files at the Denver and Auburn USBR offices).

b. Description of Bars. - A few small bars on the Middle Fork are
located upstream of the damsite which were not addressed as part of any of the
aggregate studies performed by the USBR. The quantity of sand and gravel in
these bars is insufficient to warrant their development as aggregate borrow
sources. The deposits which are discussed here are those which were explored
by the USBR, and include the following bars: Mammoth, Texas, Brown,
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Kennebeck, Hoosier, Buckeye, Maine, Sardine, Philadelphia, Poverty, and
Cherokee. Figures 4 and 15 summarize quantity information about each bar.
Additional figures are included in this report showing the average gradation
of each bar deposit derived from the USBR clamshell explorations, and
photographs are also provided of each significant bar. A sequential
description of each bar from Mammoth Bar upstream to Cherokee Bar follows.

(1) Mammoth Bar. - Mammoth Bar is the first major bar located upstream
of the damsite, and lies on the right bank of the Middle Fork. In general,
the deposit contains 4 percent material larger than six inches with a maximum
particle size of 12 inches. The fines (minus #200 sieve) content uf the pit
run material averages 9.5 percent. The pitrun gradation classifies as a GP-GM
(poorly graded gravel with silt). The sand content of the bar is around 36
percent. Mammoth Bar covers an area of approximately 971,250 square feet.
Based on an average depth of 31.4 feet (which was the average depth to bedrock
in the clamshell test holes), Mammoth Bar should yield approximately 1,129,500
cubic yards of aggregate.

(2) Texas Bar. - Texas Bar is just upstream of Mammoth Bar and lies
along both banks of the Middle Fork. The average gradation is nearly the same
as that of Mammoth Bar. Texas Bar covers an area of approximately 996,000
square feet, and has an average depth to bedrock of 31.2 feet. The projected
yield of the bar is 1,150,900 cubic yards of aggregate.

(3) Browns Bar. - Browns Bar is located along the left bank of the
* Middle Fork immediately upstream of Texas Bar. The pitrun material classifies

as a GW-GM (well-graded gravel with silt), and contains approximately 36
percent sand and 7 percent fines. The bar covers an area of approximately
599,000 square feet with an average depth to bedrock of 30.4 feet. It is
estimated that the bar contains approximately 674,400 cubic yards of
aggregate.

(4) Kennebeck Bar. - Most of the material from Kennebeck Bar is
located along the right bank of the Middle Fork, just upstream of Browns Bar.
The pitrun material classifies as a SP-SM (poorly graded sand with silt), and
contains approximately 51 percent sand and 6 percent fines. The bar covers an
area of approximately 719,000 square feet with an average depth to bedrock of
31.5 feet. It is estimated that the bar contains approximately 839,000 cubic
yards of material.

(5) Hoosier Bar. - Hoosier Bar is located along the right bank of the
Middle Fork. The pitrun material classifies as a GP-GM (poorly graded gravel
with silt), and contains 40 percent sand and 6 percent fines. The bar covers
an area of approximately 649,000 square feet with an average depth to bedrock
of 25.9 feet. It is estimated that the bar contains approximately 622,500
cubic yards of material.

(6) Buckeye Bar. - The materials of Buckeye Bar are evenly distributed
along both banks of the Middle Fork. The pitrun material classifies as a GW-
GM (well graded gravel with silt), and contains approximately 32 percent sand
and 7 percent fines. The bar covers an area of approximately 1,104,000 square
feet with an average depth to bedrock of 27.6 feet. It is estimated that the

* bar contains 1,128,000 cubic yards of material.
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(7) Sardine Bar. - Sardine Bar generally lies within the channel of
the Middle Fork and is rather small in size when compared to the other bars;
also there are no clamshell investigations which are identified as being
located specifically within Sardine Bar. For these reasons, the volume of
aggregate contained in Sardine Bar will be included with the quantity of
deposits which lie within the channel of the Middle Fork.

(8) Maine Bar. - Maine Bar is also rather small in size, and lies
along the left bank of the Middle Fork just upstream of Sardine Bar. The
material classifies as a GP-GM (poorly graded gravel with silt), and contains
approximately 15 percent sand and 7 percent fines. The bar contains
approximately 194,000 cubic yards of material, based on an area of 249,000
square feet and an average depth to bedrock of 21.0 feet.

(9) Philadelphia Bar. - Philadelphia Bar is located along the left bank
of the Middle Fork, just upstream of Maine Bar. The material classifies as a
GW-GM (well graded gravel with silt), and contains 28 percent sand and 10
percent fines. Given the average depth to bedrock of 23.7 feet and an area of
907,000 square feet, the bar contains about 705,000 cubic yards of material.

(10) Poverty Bar. - The materials of Poverty Bar are evenly
distributed along both banks of the Middle Fork. The bar is located on a bend
of the River just upstream of Philadelphia Bar. The material classifies as a
SP-SM (poorly graded sand with silt), and contains 52 percent sand and 5
percent fines. Given an average depth to bedrock of 27.5 feet, and an area of
approximately 1,152,000 square feet, the bar is estimated to contain 1,173,000
cubic yards of aggregate.

(11) Cherokee Bar. - Cherokee Bar is located upstream of Poverty Bar,
primarily along the right bank of the Middle Fork. This is the longest of the
bars identified as a potential source for concrete aggregate. The material
classifies as a GC (clayey gravel with sand), and contains 22 percent sand and
12 percent fines. Based on an area of approximately 1,484,000 square feet
with an average depth to bedrock of 18.0 feet, the bar is estimated to contain
989,000 cubic yards of material.

(12) River Channel. - The river channel of the Middle Fork American
River is estimated to contain at least 968,000 cubic yards of material. This
assumes an average thickness of six feet for the channel deposits and a
channel area (exclusive of the bars) of 4,357,000 square feet. It is
questionable if it is practical to excavate much of this material. Studies
during PED will determine if this material can and should be used.

c. Expected Extent of Aggregate Extraction. - The total quantity of
material available from the Middle Fork American River Bars and the river
channel is about 9,573,000 cubic yards. If the river channel materials are
ignored, the total quantity of material from the bars alone is about 8,605,000
cubic yards, or about 27 percent greater than the quantity required for the
dam. Hence, if the Middle Fork American River bars are available for use and
are determined to be the best source of aggregate, all of the material in the
bars would be required. The channel material would probably be left in place.
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